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Cosmonauts Continue Mission Experiments 


LD1409151790 Moscow TASS in English 1412 GMT 
14 Sep GO 


[Text] Moscow Scptember 14 TASS—TASS correspon- 
dent reporting from the Mission Control Center: 


In the past two days Gennadiy Manakov and Gennadiy 
Strekalov conducted experiments in space materials sci- 
ence and geophysical research. 


On September 12 the crew held a scheduled melting 
experiment on the Gallar device. The nine-day experi- 
ment involves growing a high-quality monocrystal of the 
semiconducting material gallium arsenide. 


A set of videospectral equipment on the Kvant-2 module 
was used to take photographs of parts of Soviet territory. 
The main aim is to examine the state of Siberian woods 
in order to spot fire-hazardous areas. Information was 
promptly beamed back to earth. 


The cosmonauts have unloaded the Progress M-4 space- 
craft and loaded it with used equipment. Final opera- 
tions in refuelling tanks of the station with fuel and 
oxidizer are being completed now. 


According to telemetric information and reports of the 
crew, the on-board systems of the Mir complex function 
normally. The cosmonauts feel well. 


‘ProgressM-4’ Separates From ‘Mir’, Plasma 
Experiment To Be Performed 


LD1709144290 Moscow TASS in English 1431 GMT 
17 Sep 90 


[Text] Moscow September 17 TASS—The unmanned 
Soviet cargo spacecraft Progress M-4 disembarked from 
the Mir space station at 16:43 [1243 GMT] Moscow time 
today. 


During the joint flight of Mir and Progress M-4, cosmo- 
nauts Gennadiy Manakov and Gennadiy Strekalov car- 
ried out all planned operations, including unloading, 
refuelling, oxygen recharging and potable water transfer- 
ring. 


The cosmonauts used Progress M-4 engines to correct 
the space sti.tion’s trajectory. 


The cargo spacecraft is planned to remain in space until 
September 20. During its independent flight, an experi- 
ment will be held to study artificial plasma formations. 
To this end, the cosmonauts installed experimental 
equipment on the docking unit of Progress M-4. 


Manakov and Strekalov, who have been in space for 
almost seven weeks, began their working day today with 
medical experiments. They studied Manakov’s blood 
circulation system during exercises on a bicycle ergom- 
eter. 


MANNED MISSION HIGHLIGHTS 1 


They also continued an experiment on the Gallar instal- 
lation to grow gallium arsenide semiconducting material, 
which was staried on September 1 2. 


The cosmonauts are feeling well. 


TASS Reviews Cosmonauts’ First 50 Days Aboard 
‘Mir’ 

LD1909210190 Moscow TASS in English 2031 GMT 
19 Sep 90 


[By TASS correspondent Rena Kuznetsova] 


[Text] Moscow September 19 TASS—Gennadiy Man- 
akov and Gennadiy Strekalov have been working on 
board the Mir space station for 50 days. 


They have carried out a considerable part of the pro- 
gram, dozens of soundings of the earth’s surface in the 
interest of the national economy and unloaded the 
automatic cargo spacecraft Progress M-4 


On Wednesday, the cosmonauts were involved in med- 
ical researches. They have tested the state of the flight 
commander’s cardiovascular system with the help of 
special equipment. The cosmonauts have conducted 
prophylactic work and geophysical research of the 
earth’s atmosphere. 


During the flight, they have fulfilled the program of 
materials’ study and conducted a melting experiment on 
the Krater-V installation, that took 260 hours. They have 
obtained a semiconductor material, zinc oxide, used in 
the radioelectronic industry, and have grown a monoc- 
rystal of another semiconductor, gallium arsenide, on the 
Gallar apparatus. The experiment lasted for 240 hours. 


The cosmonauts are also monitoring the state of ecology 
in some regions of the Soviet Union. The research 1s 
conducted with the help of videospectral equipment 
installed in the Kvant-2 module. a special photo unit, 
Priroda-5, installed in the Kristall module, is used to 
study the earth’s mineral resources. It 1s also used for 
ecological monitoring. 


‘Progress M-4’ Spacecraft Completes Mission 


L)D2009135990 Moscow TASS International Service 
in Russian 1257 GMT 20 Sep 90 


[Text] Moscow, 20 Sep—TASS special correspondent 
reports from the flight control center: The “Progress 
M-4” automatic transport craft, which delivered to the 
‘Mir’ station more than two tons of various cargoes, has 
completed its flight. Today, at commands from the 
Flight Control Center, the cargo craft was oriented in 
space and at 1504 Moscow time [1104 GMT] its engine 
was switched on. As a result of braking, the “Progress 
M-4” craft went into a descent trajectory, entered the 
dense layers of the atmosphere and ceased to exist. 

















2 MANNED MISSION HIGHLIGHTS 


During its automatic flight the crew observed and 
recorded artificial plasma formations injected by a 
device installed on the cargo craft. 


In accordance with the plan of work the cosmonauts 
spent a working week investigating the functional condi- 
tion of the cardiovascular system using a multi- 
cardiographic and an ultrasonic method. An appraisal 
was made of the set of physical training exercises. 


On the “Gallar” installation a nine-day cycle of growing 
gallium arsenide semiconductor material is being com- 
pleted. Work is being conducted in preparation for 
switching on the “Krater-V” electric furnace. 


According to telemetric data and the crew’s reports, the 
onboard system of the “Mir” complex are functioning 
normally. 


‘Progress M-5’ Cargo Spacecraft Launched 


LD2709134690 Moscow TASS in English 1340 GMT 
27 Sep 90 


[Text] Moscow September 27 TASS—The Soviet Union 
launched an unmanned cargo spacecraft today in 
keeping with a program of work on board the scientific 
research platform Mir (Peace). 


The freighter, Progress M-5, carries expendable mate- 
rials and other cargoes for Mir. 


It also carries, for the first time, a prototype of recover- 
able ballistic capsule, which will be used in the future to 
return the results of scientific studies to earth. 


According to telemetry data, the freighter’s on-board 
systems are working normally. 


Cosmonats Conduct Geophysical Research 


LD2509140890 Moscow TASS in English 1355 GMT 
25 Sep 90 


[By TASS correspondent at the “Mission Control 
Center’’] 


[Text] Moscow September 25 TASS—Cosmonauts Gen- 
nadiy Manakov and Gennad!y Strekalov continue 
working aboard the orbital complex Mir. The research 
program being implemented during the flight includes 
astrophysical, geophysical and technological exper- 
ments. 


By means of the Buket and Granat spectrometers, 
designed at the Moscow Engineering Physics Institute 
and the Leningrad Physics and Technology Institute, the 


cosmonauts gauge spatial and energy characteristics of 


X-ray, gamma-ray and neutron radiation of cosmi 
origin along the flight path of the manned orbital com- 
plex. 
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Under the geophysical research plan, the space crew go 
ahead with experiments to determine the spectral char- 
acteristics of the ‘“‘space-atmosphere-surface”’ transi- 
tional zones in infra-red and visible wavebands. The 
cosmonauts use instruments mounted on the remote- 
controlled stabilised platform of the Kvant-2 module. 


The cosmonauts launched a 14-hour cycle to grow high- 
quality monocrystal of zinc oxide on the Gallar techno- 
logical installation. 


The cosmonauts are in good health. The flight 1s pro- 
ceeding according to schedule. 


‘Progress M-5° Docks With ‘Mir’ Station 
LD2909141290 Moscow TASS International Service 
in Russian 1330 GMT 29 Sep 90 


[Text] Moscow, 29 Sep (TASS)}—Today at 1627 Moscow 
time [1227 GMT], the automatic cargo ship Progress 
M-5 docked with the manned station Mir. 


The mutual location, approach, mooring, and docking 
took place with the aid of the on-board automated 
equipment. These processes were monitored by the 
Flight Control Center, and also by cosmonauts Manakov 
and Strekalov. 


The ship Progress M-5 docked with the station at the side 
of its transfer module. ‘he orbital deliveries included 
fuel for the consolidated propulsion unit, food, water, 
equipment, instruments, and mail. 


According to the telemetry information and the crew's 
reports, the cn-board systems of the Mir station are 
woraing normally. (sennadiy Manakov and Gennady 
Stre!.alov feel fine. 


Cosmonauts Adjust ‘Mir’ Orbit 


LDO0210132190 Moscow TASS in Enelish 
1313 GMT 2 Oct 90 

[By TASS correspondent from the Mission Control 
Center] 


[Text] Moscow October 2 TASS—The ninth week of the 
two Soviet cosmonauts’ stay in orbit 1s over. In the past 
days Gennadiy Manakov and Gennadiy Strekalov 
engaged in astrophysical, teclinological and technical 
experiments, routine preventive maintenance work 
aboard the orbital station and modules, and the transfer 
of cargoes from the Progress M-5 automatic supply cargo 
spacecraft. 


Under the research plan, the cosmonauts continue exper- 
iments to gauge spatial-and-energy characteristics of 
cosmic-ray radiation and to evaluate the effect of open 
space factors on the properties of various structural 
materials mounted on the outer surface of the station 


A regular cycle of the growing of semiconductor monoc- 
rystals of zinc oxide has been completed on the Gallar 
technological installation 
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Today the crew are replacing the equipment of the 
heating loop of the station’s thermal regulation system 
and are testing the onboard television equipment via a 
relay satellite. 


On Monday [1 October] the crew carried out an adjust- 
ment of the flight path of the orbital research complex 
Mir by means of the Soyuz TM-10 transport spacecraft. 


The parameters of the spacecraft’s orbit following the 
adjustment are as follows: 


—the maximum distance from the earth’s surface—439 
kilometres, 


—the minimum distance from the earth’s surface—379 
km, 


—orbital period—92.4 minutes, 
—inclination—51.6 degrees. 


The cosmonauts are feeling well. Work in orbit is going 
on. 


Cosmonaut Explains Crystal-Growing Project 


PM0310133590 Moscow Television Service in Russian 
1700 GMT 29 Sep 90 


{Report by P. Orlov; from the “Vremya”’ newscast] 


[Text] [Announcer] The Progress M-5 cargo spacecraft 
docked with the Mir orbital complex today. 


{Cosmonaut’s voice] It is floating in nicely... God will- 
ing... [video shows Progress craft approaching] 


[Reporter] The Mir station 1s flying above the forests, 
above the seas, and above the heads of the taxpayers 
who are not exactly enraptured by this. This 1s how the 
station’s camera perceives the approaching Progress M 
cargo craft, part of which will return to earth with freight. 
What freight? Gennadiy Strekalov has the details. 


(Cosmonaut Strekalov, holding up capsule] This capsule 
contains gallium arsenide crystals in this [words indis- 
tinct]. 


[Reporter] Is the whole thing crystals? 


[Strekalov] Yes, inside this very thin wrapper there are 
smelted finished crystals. Specialists on earth will 
unwrap and analyze them. We hope that they are large, 
high-grade crystals. The, will be directly put to use, they 
will be used in new electronic circuits, and so forth. They 
are ready. They will be returned to earth in these 
containers. [video shows container] There a’e also other 
furnaces aboard the orbital complex. Specimens of this 
kind, of this size, will also be smelted. [video shows 
specimens] I would like to show you an example of a 
small failure of ours. This is one of the specimens that 
went wrong. However, specialists have worked cut the 
reason, and we are hoping to continue our work in 
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obtaining crystals. When it comes to technology, not 
everything always goes smoothly, you understand. 


[Reporter] Weightlessness alone makes it possible to 
adjust and test the function of all the systems in the 
proper conditions. 


[Strekalov] Weightlessness is simultaneously our enemy 
and a good ally. We could not obtain these crystals 
without weightlessness. 


[Reporter] So why the hurry? Why transport these spec- 
imens now, without waiting for the end of the expedi- 
tion? First, because for a long time now, it has been 
impossible to fit everything into one spacecraft. And 
second, because for many years the delay in processing 
space results has cost us a great deal of money. 


I would like to mention one more thing. Something that 
has come to light today. The mere fact of admitting that 
something has gone wrong in space demands great 
courage on the part of the crew. Pure human courage, 
just like, incidentally, any other job in orbit. 


Mir Cosmonauts To Conduct EVA for Airlock 
Repairs 

LDO510134190 Moscow TASS in Fruglish 1321 GM1 
5 Oct 90 


[By TASS correspondent at the Mission Control Center] 


[Text] Moscow October 5 TASS—Two Soviet cosmo- 
nauts on board the orbiting platform Mir (Peace) pre- 
pared today for the forthcoming spacewalk to repair a 
faulty airlock joint on a module that is part of the 
complex. The instrumented module 1s called Kvant-2 
(Quantum-2) 


Gennadiy Manakov and Gennady Strekalov also pre- 
pared the technological system Gallar for another 240- 
hour experiment to grow gallium arsenide, a semi- 
conductor material. 


They have thus fully completed scientific and technolog- 
ical studies and experiments planned for the past week 


Using the Kap-350 camera and instruments installed on 
K vant-2’s remote-controlled [?gyrostabilised] platform, 
for instance, they did photography and spectrometry 
studies on parts of Soviet territory. 


The studies were to ascertain the influence of human 
anthropogenic activities on vegetation and soil and 
investigate the tectonic and geological structure of the 
earth 


In preparation for a planned visit by a Japanese jour- 
nalist, the cosmonauts installed extra television equip 
ment brought by the Progress M-S cargo craft and tuned 
it up, with the help of ground services, for direct broad 
casts to Japan through a relay satellite 
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Cosmonauts Prepare for 19 Oct EVA 


LD1210114990 Moscow TASS in English 1057 GMT 
12 Oct 90 


[Report by TASS correspondent from the Mission Con 
trol Center] 


[Text] Moscow October 12 TASS—Soviet Cosmonauts 
Gennadiy Manakov and Gennady Strekalov, the crew 
of the seventh main expedition, continue their flight on 
board the orbital research complex Mir. 


The cosmonauts regularly measure x-ray, gamma-ray 
and neutron radiation of extraterrestrial origin under the 
program of astrophysical experiments by means of the 
Buket telescope and the Granat spectrometer mounted 
on the Kristall module. 


The cosmonauts continue to monitor the process of 
growing semiconductor monocrystals under the space 
technology program on the Gallar and Krater-B installa- 
tions. 


Under a medical control plan, Manakov and Sirekalov 
on Thursday underwent thorough checkup of the cardio- 
vascular system with a dosed physical load. 


This morning the crew, in order to study the environ- 
ment by means of video spectral equipment, photo- 
graphed individual areas along the flight path over the 
Caucasus, the Caspian Depression, and the Aral Sea. 


The cosmonauts are preparing workplaces and space 
suits in view of their space walk scheduled for October 
19. 


Solar Panel Transfer Planned 


LD1210054890 Moscow Television Service in Russian 
1800 GMT 11 Oct 90 


[Editorial Report] Moscow Television Service in Rus- 
sian at 1800 GMT on 11 October, during its regularly 
scheduled “Vremya”’’ newscast, broadcasts a three- 
minute video report by correspondent P. Orlov from the 
Cosmonaut Training Center; date not given. 


Orlov begins by noting cosmonauts Gennadiy Mikhay- 
lovich Manakov and Gennadiy Mikhaylovich Strekalov 
will make their first spacewalk !9 October, when they 
attempt to fix the Mir orbiting station’s hatch problems. 


Orlov interviews Musa Manarov, a cosmonaut training 
for a December spacewalk, who says that if the October 
mission fails he and Commander Afanasyev will have to 
complete the work in December 


Orlov says that, if everything goes well with the hatch, 
the cosmonauts will have to prepare the station for 
transferring solar batteries from module to module 


One of the Mir cosmonauts then explains that the Mir 
furnaces consume a lot of energy and that, as the 
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complex grows overall, more energy 1s required and a 
greater area for solar batteries is needed. 


Orlov concludes the report by confirming the battery 
work will be carried out after the 19 October spacewalk. 


i Oct Space Walk Postponed, Rescheduled 30 
ct 


LD1810110390 Moscow TASS tn English 1042 GMT 
18 Oct 90 


{By TASS correspondent Rena Kuznetsova] 


[Text] Moscow October 18 TASS—A space walk by 
Soviet cosmonauts Gennadiy Manakov and Gennadiy 
Strekalov, which was originally scheduled fur October 
19, has been postponed and tentatively slated for 
October 30, Pilot-Cosmonaut of the USSR Valeriy Poly- 
akov, deputy director of the USSR Health Ministry's 
institute for Medico-Biological Problems, told TASS. 


The two cosmonauts have been working aboard the 
Soviet orbital coniplex Mir for more than two and a half 
months now. 


“The reason for the postponement is quite simple. A 
cosmonaut 1s, naturally, not a robot or autumaton. He 
remains an ordinary human and, unfortunately, 1s sus- 
ceptible to ailments lurking in his path even in orbit,” 
Polyakov said. 


“Due to a slight overcooling by on-board fans after a 
‘ruining track’ training session, the flight engineer 
cau zht cold. 


“During tests, the cold became apparent in Strekalov’s 
declining capacity for work,’ Polyakov said. 


“However, this in no way influenced the implementation 
of the flight program,’ Polyakov added. “But, consid- 
ering the entire complexity of extravehicular activities, 
medical specialists and the mission control centre took, 
to my mind, quite a reasonable decision to postpone a 
space walk.” 


The flight engineer does not need any special treatment 
He merely took ascorbic acid, which is in the first-aid kit 
on board. Physicians on earth agreed with his action. 
There was no need for any other (medical) adjustment 


During the space walk, the cosmonauts will repair the 
egress hatch positioned on the Kvant-2 module 


During the flight of the sixth main expedition—Anatoliy 
Solovev and Aleksandr Balandin—the hatch failed to 
close. The malfunction was later corrected by the cosmo- 
nauts during the subsequent space walk 


The seventh expedition crew are to check the hatch and 
do everything possible for it to function without any 
hitch. 
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The postponement of the space walk until October 30 
somewhat disconcerted Strekalov, who would prefer to 
walk in space on October 28, on his 50th birthday 


TASS Updates Cosmonauts’ Activities 


LD1910123990 Moscow TASS tn English 1203 GMT 
19 Oct 90 


[Text] Moscow October 19 TASS—Soviet cosmonauts 
Gennadiy Manakov and Gennadiy Strekalov have been 
conducting material studies and geophysical research 
during the past two days. 


They have completed a long-term technological process 
on the Krater-8 installation to grow a monocrystal of 
gallium arsenide. The experiment was started on 
October 8. 


With the help of videospeciral instruments, installed in 
the stabilised platform of the Kvant-2 module, and the 
photographic Priroda-5 complex, the cosmonauts photo- 
graphed central and southern parts of the Soviet Union. 


A series of experiments with the use of the Ferrit and 


characteristics of structural materials under the influ- 
ence of open space. 


On Friday, the crew are expected to study the ecological 
Situation 10 the regions near Chernobyl, the Volga, the 


Aral and Black Seas. Cosmonauts will replace a block of 


hydraulic [word indistinct} in the thermal regulation 
system. 


Austrian Cosmonaut Candidates Train for 1991 
Mir Mission 

LD1910215890 Moscow TASS in English 1950 GMT 
19 Oct 90 


(By TASS correspondent Rena Kuznetsova] 


[Text] Moscow October 19 TASS—Two Austrian 
pilots—Clemens Lothaller and Franz Viehboech—are 
now in training for a place on board a mission to the 
Soviet orbital station Mir 


One of the two men will go to the orbital station with his 
Soviet colleagues in 1991. 


The two Austrian candidates for the flight are also taking 
a crash course in Russian, the language they wil! speak 
with other crew members on Earth and 1n space. Physical 
training and sports are on the training program as well. 


A Glavkosmos spokesman told TASS that the interna- 
tional crew is expected to fulfil an extensive research and 
experiment plan in the interests of the two participating 
countries’ economies 


The plan centers around medico-biological research and 
the remote survey of Austrian territory. An extensive 
exposition, devoted to the forthcoming space trip 
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research and experimentation work the crew will per- 
form in space, is expected to go on view tis month in 
Austrian cities Graz and Innsbruck. 


Cosmonaut’s Ill Health Delays Spacewalk 


PM2210151790 Moscow Television Service in Russian 
1800 GMT 18 Oct 90 


[Report by P. Orlov; from the “Vremya’”’ newscast] 


[Text] [Announcer] There has been an unexpected 
change in the plans of the seventh main expedition— 
Gennadiy Manakov and Gennadiy Strekalov—to the 
“Mir” station. You can learn the details from a reportage 
by our correspondent Petr Orlov. 


[Reporter] On Friday, 19 October, the crew was to leave 
the station to repair the hatch and to prepare the station 
for the new solar batteries. However, during a medical 
checkup session doctors raised the alarm. According to 
objective tests the board engineer's capacity for work ts 
greatly impaired. This is the scientific formulation. In 
plain language, Gennadiy Strekalov has a cold. Where 
did one of our most experienced cosmonauts catch a 
cold? It appears that it happened on the biccycle ergom- 
eter. As you can see, Commander Gennadiy Manakov 
just assembling it. Gennadiy Strekalov simply caught a 
cold by being in a draft. And that 1s no joke. The highly 
fit cosmonauts can be incapacitated practically by only 
two things—psychological incompatibility with the earth 
or within the crew, and drafts. The air does not circulate 
of its own accord on the “Mir” station, and there are no 
ventilation windows, of course. The air is moved by fans. 
This is how Gennadiy Mikhaylovich Strekalov caught 
his cold. The rest is no different from what happens on 
earth—doctors have forbidden him to go out. The cold 
treatment is also orthodox—aspirin and ascorbic acid 
So the flight engineer will have to sweat it out. Not in the 
spacesuit, but inside the station. Incidentally, the same 
amount of time for cold treatment treatment 1s allowed 
in space as on earth—seven days. No sick notes are 
issued, however. So the cosmonauts continue to work. 
Today they adjusted the remote camera located outside 
the station and can photograph the earth with greater 
precision than ever before. This is needed for geophys- 
ical research and agriculture 


As for the cold—the Americans, for instance, had to put 
off a shuttle launch because of the commander’s cold. 
And we have had to put off our spacewalk until 30 
October 


Cosmonauts Continue Experiment Program 


LD2310153690 Moscow TASS in English 1300 GMT 
23 Oct 90 


[Text] Moscow October 23 TASS—Cosmonauts Gen- 
nadiy Manakov and Gennady Strekalov continue to 
Carry out experiments aboard the Soviet Mir space 
Station 











They have used the Gallar installation to produce gal- 
lium arsenide semi-conducting monocrystals in condi- 
tions of weightlessness. The experiment was carried out 
within the framework of an extensive space technology 
programme. 


Spectrometer devices installed outside the Kvant-2 
module were used to carry out a series of astrophysical 
experiments to measure solar radiation. 


The crew has prepared for work the Svet greenhouse 
created by Soviet and Bulgarian specialists for fresh 
experiments and studies of the development of superior 
forms of vegetation in space conditions. Radishes and 
lettuce will be grown this time. 


Under a plan for medical check-ups, the cosmonauts 
have been subjected to an examination to define how 
their cardiovascular systems react to measured physical 
load. 


EVA To Repair Hatch Unsuccessful 


PM0O111141190 Moscow Television Service in Russian 
1800 GMT 30 Oct 90 


{Report by P. Orlov, A. Kudeli; from the “Vremya” 
newscast] 


[Text] [Announcer] Last night cosmonauts Gennadty 
Manakov and Gennadiy Strekalov carried out a space- 
walk. 


{[Kudeli] Ensuring a reliable fit between the hatch cover 
and the body of the Kvant-2 module—this is how the 
objective of the task entrusted to Manakov and 
Strekalov was specified in the final report. Would you 
believe someone who told you that he was flying to Sochi 
only in order to travel on an airliner? Of course, not. The 
same applies here. Naturally, what they wanted to do was 
to completely repair this unique one-meter hatch. Now 
this will have to wait until next time. It is not that the 
crew were lacking in ski!l. Ii two hours and 45 minutes 
they did what they could. But the damage proved much 
more serious than was thought. 


Why is such a determined assault being mounted on this 
intractable hatch by the second crew in succession? How 
important is it for our space plans? 


[Orlov] The point 1s that without this hatch, this one- 
meter hatch, the further development of the station, the 
buildup of its solar batteries, and the installation of new 
specialist equipment in outer space 1s simply impossible. 


Even this [video shows model of Mir space station] is not 
the final version of the Mir complex. It must be devel- 
oped further. To smelt crystals and conduct increasingly 
complex scientific research, it must be further expanded. 
Only then will it be truly efficient. It is annoying that we 
are having to begin construction with repairs. 
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Cosmonauts Begin Fourth Month in Space 


LDO0211144190 Moscow TASS in English 1430 GMT 
2 Nov 90 


[Text] Moscow November 2 TASS—Soviet cosmonauts 
Gennadiy Manakovy and Gennadiy Strekalov have begun 
their fourth month of work in space. 


This week’s plans included, in addition to operations 
outside the space station, material research in weightless- 
ness and astrophysical observations. 


The Gallar installation was used to melt materials to 
obtain monocrystals of semiconducting gallium ars- 
enide. 


The magnetic spectrometer Mariya helped in a series of 
experiments aimed at studying the mechanism of ele- 
mentary high energy particles generation and their pro- 
liferation in near-Earth space. 


Today, Manakov and Strekalov undergo medical tests. 
which include being weighed, testing muscle strength 
after three months in space, blood analysis and audio 
tests. 


During one of the communications sessions, a space 
television bridge was established, linking the Mission 
Control Center, the space station and Tokyo. Cosmo- 
naut Training Center Chief Lieutenant-General Shatalov 
introduced the Soviet-Japanese crews now going through 
the final stage of preparation for a space mission—Soviet 
cosmonauts Viktor Afanasyev, Musa Manarov, Anatoliy 
Artsebarskiy and Sergey Krikalev and Japanese journal- 
ists Toehiro Akiyama and Reko Kikuth. 


Soviet-Japanese Spaceflight Scheduled 2 Dec 


LD2310194690 Moscow TASS in English 1929 GMT 
23 Oct 90 


[By TASS correspondent Rena Kuznetsova] 


[Text] Moscow October 23 TASS—Preparations for a 
Soviet-Japanese space flight have begun at the Soviet 
Union’s Baykonur launching site, a spokesman for the 
Soviet Glavkosmos space agency told TASS 


Two Japanese journalists—Toyehiro Akiyama and 
Rioko Kikuchi of the TBS radio and television net- 
work—are preparing for the flight with a soviet crew to 
the soviet Mir space station at the Cosmonaut Training 
Center near Moscow. 


The take-off is scheduled for December 2. 


Aleksey Leonov, deputy head of the Training Center, 
told TASS that both Japanese contenders for the place in 
the Soviet spaceship are “‘self-disciplined and studious.” 


A Soviet state commission will decide which of the two 
will fly to Mir on the eve of the flight. 
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Special pavilions are being built at Baykonur for guests Problems With Mir Station Ergonomics, Flight 
and reporters. The take-off 1s planned to be broadcast Documentation 


live 907Q0088 Moscow RABOCHAYA TRIBUNA 


n Russian 30 Mar 90 p 4 
Part of the scientific equipment to be used by the 


Soviet-Japanese crew during their eight-day mission has 
already been taken to Mir by an unmanned cargo space [Article by A. Filippov, Zvezdnyy Gorodok: “The Mu 
craft Station: What Is Interfering With the Flight’ | 


. [Text] The state commission arranges such meetings 
Japanese Cosmonauts Introduced, Flight , . 
Exmeriments Described immediately after the crew completes the medical exam- 
” oo nation after returning to the ground. And the | i/yaz: 
D06 11101790 Moscow TASS in English 1006 GMI Aleksandr Viktorenko and Aleksandr Serebrov, were no 
Vov W exceptions, ‘or before being sent to a sanatorium, they had 
just reported on their flight. 


{By TASS correspondent Rena Kuznetsova] Thus, it must be noted right off: the fifth main mission to 
Mir was something of a novelty. What we are talking 
about 1s the management under the new economic con 
ditions, in which, like all the rest of the country, the 





[Text] Moscow November 6 TASS—Soviet-Japanese 
space crews begin their final comprehensive training 
today, going through all operations that they will per 
form in space during an international space expedition 
to begin on December 2 


space program must count its money and render an 
accounting. The final, down-to-the-last-ruble financial 
total still needs to be talived. But already, after the first 
rough estimates, it is clear, Aleksandr Serebrov noted 


that the flight was not unprofitable 
Two Soviet-Japanese space crews were introduced at the 





Mission Control Center on November 2. The first crew Success has been achieved thanks to the results of the 48 
onsists of Soviet cosmonauts Viktor Afanasyev and science, engineering, and manufacturing experiments, to 
Musa Manarov and Japanese television journalis! which 543 communications sessions were devoted. The 
Irehiro Akiyama. The other team includes Soviet cos optimal duration for a stay in orbit has been found 
monauts Anatoliy Artsebarskiy and Sergey Krikalev and around six months. Over the course of several days. for 
Japanese woman journalist Rioko Kikuch the first time ever, semiconductor crystals were melted 
for the electronics industry aboard the spacecraft. The 
. Our Japanese colleague is expected to broadcast a temperature was a record |.270 degrees Celsius. Grown 
ten-minute television report from the orbital complex for several months on Mir were biological crystals 
Mir every day throughout the eight-day flight. There wil needed by medicine, and they contain the hope of 
be also a 20-minute radio broadcast daily. Both Japanese humanity for deliverance from AIDS. During the mis 
broadcast journalists have gained wide experience sion, the cosmonauts obtained from orbit the first quan 
during training on the ground,” Afanasyev told TASS titative data on the ecological situation on our planet 


Hard currency was received for an experiment con 

This work is very laborious. Therefore the flight eng) ducted under contract to the American firm, Payload 
neer of the crew will help the Japanese journalist in Systems. Lessons were written for school children, which 
pare A Serebrov conducted in his capacity as president of the 


All-Union Young People’s Aerospace Society, Soyuz 
It 1s also planned to perform a medico-biological exper 


iment to study the effects of zero gravity on cosmonaut s The crew worked 166 days aboard the orbital complex 
sieep patterns during the adaptation period Alanasye\ The length of the workday for every 24 hours amounted 
said not to 8 hours, but rather, at the request of the cosmo 
nauts, to 10-12 hours and sometimes even more. Wert 
An experiment with frogs, suggested by the Japanes¢ all those hours devoted to work” No, as it turns out. And 
ide, is also noteworthy. The experiment will involve an that was a result of design problems 
utterly special frog population found in Japan. They 
ditter trom the other frogs ny having natura! i|suction| Because of the station's ergonomic pri Hpiems. it was not 
lisks that will enable them in principle to fix ther unusual for the cosmonauts to spend as much as &0 
position on board the orbital station. It 1: T nter percent of the work tim preparing the work site and 
esting to find out how the frogs will behave in weightless fastening themselves | I Ih nas yng been a short 
ndaitions Afanasvev added coming and the need for fasteners along the sides of the 
station had also been noted by pr us crews. But the 
ine representative of the TBS television and broad cart, as the saying goes, still has to be pulled. And each 
isting network will work In spa Which crew will go t person adapts to the work sit n weightlessness as best 
pace will be decided upon by a state commission on th he can, displaying at tim tI mar. xtra 
ft yunct gravitationa acrobatics. Y photograph the arti 
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through the viewport and, at the same time, you wrap 
your legs around something So as not to float away from 
the viewport at the most crucial moment 


\ long-standing problem involves the improvement of 
the flight documentation. The crews carry with them 
volumes of reference books and instructions on high 
quality paper in a hard binder. The principles tor com- 
piling the documentation have not changed since the 
time of Yu. A. Gagarin’s flight. It would seen to be a 
trifle—the awkward type and placement of the para- 
graphs or, as journalists say, the layout of the pages in 
these volumes. But it 1s precisely such “‘trifles,”” it turns 
out, which cause the cosmonauts to make annoying 
errors. And there is a large amount of documentation 
and some of it, at times, is not used during the flight! 
These are precious kilograms 


The way out of the situation 1s the establishment of a 
single information system aboard Mir in which all the 
reference documents and instructions for conducting 
experiments are stored in the memory of the onboard 
computer. That way the cosmonaut will always be able to 
call up the needed page on the display screen without any 
trouble, and it will also be displayed on the screen of the 
operator in the Flight Control Center 


Some of the problems, as K. Kerimov, chairman of the 
State commission, noted, should be eliminated within a 
month. | do hope that this is so. However, not all the 
deficiencies are being eliminated so quickly. There are 
good reasons for this, as the representatives of the 
Energiya scientific production association assured us 
Yet, all the same, the crew’s position 1s impressive. They 
did not leave out a single shortcoming or a single “sharp 
corner’ of the space home 


Development, Functions of Kvant-2 Supplementary 
Equipment Module 


90700112 Moscow ZEMLYA I VSELENNAYA 
in Russian No 3, May-Jun 90 pp 3-11 


[Article by M. M. Lemelev, candidate of technical sc- 
ences, Energiya Scientific Production Association, under 
the rubric “The Space Program”’: ‘“‘Kvant-2—the Supple- 
mentary Equipment Module’; first paragraph is source 
introduction] 


[Text] In accordance with the outer space research pro- 
gram, a Proton launch vehicle placed the specialized 
Kvant-2 supplementary equipment module into near- 
Earth orbit on 26 November 1989. The module docked 
with the Mir manned complex on 6 December. 


The Birth of Kvant-2 


Development of the supplementary equipment module 
was begun in 1982. At that time, the base unit of the Mir 
Station was already being manufactured. Because of a 
lack of space, it was decided that the gyrodynes and the 
new life-support systems complex would be installed not 
on the base unit, but on a separate space module that 
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could dock with the station, That decision was also the 
result of the lag noted in the development of those 
assemblies. Thus, the supplementary equipment module 
later called Kvant-2, emerged as a component of the Mir 
orbital complex 


Originally, the general configuration of the main unit 
that was to be placed into orbit, which included the 
Kvant-2 as one of its components, was a that of modular 
transport craft. In addition to the module, the main unit 
included an operations-cargo unit weighing around 10 
tons, which was to be used only to effect orbiial ascent 
and docking with the station. In a similar scheme later 
the Kvant experimental astrophysical module was deliv 
ered to the Mir station (ZEMLYA I VSELENNAYA 
1988, No 5, p 34-—Ed_). The weight of the payload on the 
module in that configuration was a little more thar 3 
tons. Economic analysis showed such a solution to be 
inadvisable 


\ proposed variation was a “self-propelled” module, 
which, after separation from the launch vehicle, could 
independently effect the necessary maneuvers and dock 
with the station. A engine compartment appeared for 
that purpose as part of the module, while it was proposed 
that control system equipment also be installed in a 
pressurized compartment, as in the Soyuz-IT'M transport 
craft. In that version, the additional weight of the pay 
load on the module was around 5 tons 


[here soon emerged one more key decision regarding the 
design of the module—proposed for use as a base unit 
was an operations-cargo unit, the design of which had 
already been developed by the producer-plant. It had to 
be equipped with additional compartments for some of 
the payload. This variation had a substantial draw- 
back—1n order for the module to be able to dock with the 
Station, the basic systems of the operations-cargo unit 
would have to be modernized, since they had been built 
on the basis of equipment that, by this time, was obso- 
lete. However, in light of the need for coherence in the 
design to be used, a final decision was made in mid-1984 
tn favor of the latter version 


Development was quickly begun cf a new control- 
of-motion system that would provide attitude control 
and would enable the docking of the module Its devel 
opment was subsequently dragged out, which, to a large 
extent, affected the module's launch dates. Also modern- 
ized were the propulsion system, the on-board control 
systems, and the temperature control system. All these 
systems were Standardized for subsequent Kvant-series 
modules 


Quite a few problems had to be solved in configuring the 
module. On the one hand, the design of the operations 
cargo unit, which was converted into an instrument 
cargo section, had to be preserved as much as possible 
on the other hand, more than 7 tons of various pieces of 
equipment had to installed. As a result, two additional 


sections emerged—an instrument-science section and an 
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The original versions of the design of the supplementary equipment module: A—the modular transport craft; b—the 
self-propelled” module 
Key: |. Supplementary equipment module—2. Operations-cargo sectron—3. Laboratory section—4. Scientific 
equipment section—S. Air-lock sectlon—6. Engine compartment 


air-lock section. In the end, the Kvant-2 module was equipment for the systems that ensure the functioning of 
more than 12 m long, and its sections had nearly 65 the Kvant-2 as part of Mir’s scientific research complex 
cubic meters of space The air-lock section 1s designed to allow the crew to exit 


into space Such 1s the general design of the layout of the 
The antennas for the Kurs automatic rendezvous and 


docking system were placed on the conical bottom of the 
instrument-cargo section. The docking assembly was 
joined with the bottom by a sealed spacer Ihe basis for Kvant-2’s control-of-motion system 1s the 


supplementary equipment module 


on-board digital computer system. It ensures the recep 


Most of the equipment for controlling the module 1s \ « 
tion, storage and logical processing of the flight tasking 


located on heavy-duty racks in such a way aS to leave th 


and the issuance of that tasking in the form of command 
central area clear, so that the equipment n de serviced , 
4.28 signals to the associated systems and to the actuators 
and individuals can pass through to th ‘ 
When, after the module's launch, the hinges on one of 
science section , 
the two solar arrays did not open, it was t! raft’s digital 
The res arch equipment IS !o ated primafri nt nstru computer systen that provide d the flexibility alter the 
ment-scier section. Situated in the ri boid iped ontrol modes and to ensure the docking of Kvant-2 with 


instrument-cargo section are the ntro! station and Ut the manned Mir comple 
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Schematic of Kvant-2 module 


Key: |. Instrument-science section—2 


Ihe Experimental Laboratory 


After the Kvant-2 module docked with the Mir station, a 
fundamentally new operation was performed that 
involved the transfer of the module to an outward-facing 
docking port in order to free the station’s axial docking 
position. Even in weightlessness, the performance of 
such dynamic operations in orbit is not at all a simple 
matter, in light of the substantial mass-inertia character- 
istics of the bodies being moved 


A special manipulator arm was developed that operates 
according to a rigid cyclogram. It 1s mounted on the 
docking assembly. First, the module's docking rod 
moved the module 15 cm away from the station. Then a 
command was given to the electric drive, and the manip- 
ulator arm grasped the socket on the base unit. Then 
after withdrawal of the rod’s head out of the station's 
docking device, the manipulator arm made several turns 
of the module relative to the orbital complex. As a result 
the 20-ton Kvant-2 ended up opposite the cone of the 
Station’s lateral docking assembly. The module’s docking 
rod was again extended, and the process of a hermeti 
docking was repeated. The transfer took about an hour 


After the transfer, some of the module’s systems that had 
been in operation during the independent leg of the flight 
were shut down. However, others continued to operate 
not only ensuring the use of the module itself, but also 
enhancing the efficiency of the operation of the orbital 
complex as a whole 


That also pertains to the module’s propulsion system. In 
contrast to those of the station, Kvant-2 
and the assemblies and the fixtures of the propulsion 
system are not located in a special compartment—the 


§ four fuel tanks 


Special air-lock section—3. Instrument-cargo section 


are located on the module’s exterior. Two sustainer 
engines with a thrust of more than 400 kg each were used 
during the orbital correction. Two bands of 40-kg 
thrusters on the instrument-cargu section and the air- 
lock section are intended for attitude control and control 
of coordinate positioning during the mod le’s rendez 
vous with the station 


It was originally proposed that the module's residual fue! 
be pumped from its tanks (approximately 600 kg) into 
the station’s propulsion system with a special line. How- 
ever, later it became necessary to abandon that idea and 
use the fuel on the module itself. The attitude-control 
engines of the module and the station were consolidated 
into a single system. That was a necessary measuie 
resulting from the need to orient a multi-unit complex 
that changes its geometry after each new module docks 
with the station 


All the basic systems of the supplementary equipment 
module and the station were linked. Provision was mad 
for creation of a single “central heating plant” tormed by 
the appropriate hydraulic lines of the temperature con- 
trol systems of the station and the module. The fact 1s 
that. with time, the characteristics of the radiator that 
removes the heat from the station has been deteriorating 
The radiator’s shield may have been damaged by meteor 
particles. The merging of the circuits will make it po: 

sible to use the module’s radiator for the station's needs 

With the arrival of the Kvant-2 module, the cosmonauts 
working and living conditions on the Mir station are 
markedly improved. They now have at their disposal a 
permanent shower stall and a wash basin, the water for 


which is purified and recirculated in a special device. Of 
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Ihe Kvant-2 supplementary equipment module in the cosmodrome’s assembly-and-testing building (TASS photo) 


course, we should not delude ourselves: our achieve Another reason for the regular launches of th: cargo craft 
ments in this respect are still modest. But what has been to the station 1s the need to replenish the fuel supply 
done represents an important step on the road to the Already installed on the Kvant module are rapidly 
development of closed-loop life-support systems rotating “tops gyrodynes that effect attitude control 


of the orbital complex with virtually no expenditure of 


fuel. But. with the increase in the mass and moments of 


[he set of systems for producing oxygen from the liquid 
| E E . inertia of the Mir station, an additional set of gyrodyns 
wastes of human activities underwent testing 
was needed. [That set is located on the exterior of the 
ground for a long time. It must be noted that the use of 
K vant modules instrument-science section. and 11 
these systems promises large savings. Daily, on ndi 
. — . made it possible to free up the pressurized area for the 
dual aboard the station needs around |0 kg of expend 
nstaliation Of a riety of equ pment and toin prove the 
ible stores for vital functions. [hat. in large part. deter . 
' ’ dy perating conditions (in sealed hi neg! 
nes the interval between launches the Progr irs ; 
wh | } nt ded with a specifi deg 


raft 1 , supply the statior 
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Ihe transfer of the Kvant-2 module from the axial docking port to a lateral port on the Mir station's transfer module 
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The regular use of the Kvant-2 module’s life-support 
systems, gyrodynes and a number of other units requires 
considerable power consumption. Meanwhile, over the 
course of time, the photovoltaic cells on the Mir station’s 
solar array panels have been deteriorating. In light of 
that, one of the basic tasks of the Kvant-2 module is to 
supplement the Mir station’s power supply system. The 
Output capacity of the Kvant-2’s power supply system is 
more than 6 kW. 


Solar array panels with drives for their independent 
alignment are located on the instrument-science section, 
and chemical sources with automatic units that effect the 
“output” of a constant stabilized voltage to the con- 
Suming units are located in the instrument-cargo section. 
When one of the panels on the Kvant-2 module did not 
open fully, a rather critical situation developed with 
regard to the power balance of its systems. A series of 
attempts were made, in conjunction with dynamic oper- 
ations, to actuate the electric drives for the unopened 
hinges and the drive for the aiming of the entire panel. 
As a result, the panel opened up completely, and, after 
docking, the Kvant was able to feed the station the 
electric power it needed. 


The power supply systems of the module and the station 
formed a consolidated electrical network for the orbital 
complex. All the array panels of the module and the 
station are tracking the sun via signals of sensors that 
have also been consolidated into a single system. 


All these design solutions were, for all practical purposes, 
firsts. They will serve as the basis for the functional 
design of the on-board systems of future multi-unit 
orbital complexes. 


For Work in Open Space 


More and more often, cosmonauts need to work in open 
space. Located in the Kvant-2’s air-lock section and 
intended for such work are two self-contained space suits 
and the unit for maneuvering a cosmonaut in free space 
(MMU) (ZEMLYA I VSELENNAYA, 1982, No 3, p 
31—Ed.). 


The air-lock section is equipped with pressure-regulating 
equipment, a control console, special securing devices 
and other equipment. The geometric shape and size of 
the air-lock section are similar to those of the Salyut-7 
station’s transfer module. So that maximum use can be 
made of the section, it is the first such section to have a 
hatch that opens outward. The diameter of the entry 
hatch is | m (the diameter of the station’s entry hatch 1s 
0.8 m). So that the hatch can be tightly sealed (a force of 
around a ton created by the pressure in the section acts 
on it), locks that open up with an easy turn of a 
handwheel had to be developed. 


When exiting from the Kvant-2 module’s air-lock sec- 
tion, cosmonauts A. Viktorenko and A. Serebrov used 
the self-contained space suits that are not connected with 
the station by an electric line. The transmission of 
telemetry information to Earth and radio conversations 
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went through a unit installed on the space suit. Medical 
parameters were monitored with the compact Beta-8 
equipment, which 1s also located on the space suit. The 
life-support equipment and the power sources enable up 
to 5 hours of independent work by an individual in 
space. 


For the cosmonaut’s movement outside the Mir station, 
there are rows of handrails on its surface and there are 
various securing devices. But that means that the cosmo- 
naut can move toward specific areas only. However, the 
need sometimes arises to perform inspection or repairs 
in other areas. For example, on the Kvant module, the 
cosmonauts had to replace the x-ray telescope unit. 
Getting to the repair site in an inflated space suit not 
only requires large expenditures of a cosmonaut’s 
energy, but may also result in damage to the shell of the 
pressurized suit by structural members. 


Several years ago, the American astronauts tested an 
MMU that made it possible to fly short distances. Now, 
such a “space motorcycle” has also been tested by our 
cosmonauts. Using the MMU’s hand controllers, the 
cosmonaut determines the direction of movement in 
space. The movement is effected by thrusters that 
operate on compressed gas, the supplies of which are 
adequate for repeated moves spanning tens of meters 
The MMU’s frame has a bracket for attaching loads of 
up to 50 kg and transporting them. 


The cosmonaut ts tethered to the station by a safety 
winch that automatically takes up the line’s slack. How- 
ever, the line hinders the maneuvers. It 1s likely that, in 
the future, the MMU will have to be modernized so that, 
if need be, it can be controlled from the station. 


The Volume of Research Is Being Expanded 


After the docking of the Kvant-2 module to the station, 
the dimensions of the orbital complex exceeded those of 
a ten-story building. Controlling its attitude in space 
requires considerable power expenditure. And for many 
experiments, it is important that the equipment have a 
specific orientation with respect to the target of study. 
That is why observation time is cut back and carefully 
distributed among the various scientific programs. With 
the arrival of subsequent modules, that situation will 
become even more acute. 


The way out of the situation that has developed ts to 
place the research equipment on separate steerable plat- 
forms. That has already been done on the Kvant-2. On 
the exterior of the instrument-science section, on an 
automated steerable platform, is a television videospec- 
tral complex, which includes black-and-white and color 
television cameras and multichannel spectrometers for 
the study of the atmosphere and underlying surface of 
the Earth. Also located there is the ARIZ x-ray radiation 








14 MANNED MISSION HIGHLIGHTS 


JPRS-USP-90-005 
26 November 1990 





Fiight Engineer A. A. Serebrov with the manned maneuvering unit and, next to him, the crew commander, A. S. Vik 
torenko (TASS photo) 


analyzer. In addition, a sealed unit with an additional 
color television camera is mounted on the platform for 
cosmonaut EVAs 


The automatic stabilized plaform is a manipulator arm 
that weighs more than 100 kg and has two electric drives 
that can perform rotations in two planes and can effect 
precise pointing of the frame that holds the instruments 
The platform appeared on the supplementary equipment 
module after the work on the VEGA project. Soviet and 
Czechoslovakian specialists had develope: steerable 
platforms, one of which was not used. Development of 
the many structural assemblies and the automatic equip- 
ment for the platform was completed within tight time 


frames, and it was installed on the supplementary equip 
ment module. The angular rate of the platform’s rotation 
is 3°/min, and the guaranteed useful life for its oj eration 
has been increased 


The instrument-science section 1s equipped with a work 
station for the cosmonaut’s work with the TV videospe¢ 

tral system. Located there are the controls, a screen on 
which the incoming information ts displayed, and video 
recording equipment that provides for the transmission 
of an image obtained outside the station’s line-of-sight 


area with ground stations 


Ihe platform can be controlled on a real-time basis from 


the ground as well. A special on-board processor in thi 
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Placement of the equipment on the Kvant-2 module 


Key: |. Antennas of Kurs rendezvous and docking system—~. Control post—3. Life-support equipment—4. Service 
systems—5. Gyrodynes—6. Steerable platform with television videospectral system 


K vant-2 instantaneously reads the incoming commands, 
which, after conversion, are fed to the platform’s drives 
in the form of control signals. The television image, 
which fixes the frame of reference of the object being 
observed, and the telemetry information are sent to the 
Flight Control Center via regular communications chan- 
nels. That makes it possible for the specialists on the 
ground to control the platform, when need be, by them- 
selves, without the cosmonauts, and to obtain and eval- 
uate the information rapidly. 


In addition, the control system for the Sigma videospec- 
tral system is capable of using the information from the 
star and sun trackers to aim the equipment automatically 
at a specific region of the celestial sphere. Such an 
operating mode is used, for example, during astrophys- 
ical experiments with the ARIZ x-ray spectrometer. 


Steerable platforms with special-purpose equipment can 
substantially increase the pace of research on space 
stations. Preventive maintenance and necessary equip- 
ment repair by the crew will make it possible to carry out 
this research for many years. 


Among the operations planned for the Kvant-2, a special 
place has been giver .o environmental monitoring. 
Along with the television cameras, the Gemma-2 video/ 
spectropolarimetric system is intended to do such work; 
it records the spectral and energy characteristics of the 
sites under study. It consists of a self-contained optical 
receiver unit and an on-board computer and data- 
processing system. The receiver unit is installed inflight 
on an unused viewport in the instrument-science section 
by a cosmonaut. The information obtained goes through 
instant analysis aboard the module and is displayed on a 
color graphics display. Then the recorded spectra are 
transmitted to the ground for further processing. In 
order to get a photographic frame of reference for the 
regions under study, the KAP-350 device, which pro- 
duces high-quality photographs, is installed on a view- 
port in the air-lock section. 


The Faza equipment, installed on the outside of the 
instrument-science section, 1s used in atmospheric 
research together with the TV videospectral system. 


Traditionally, biological research 1s conducted on orbital 
stations. Installed in the instrument-scieice section for 
the study of embryogenesis and the special features of 
the development of living organisms is the biological 
Inkubator-2 system, which was developed jointly with 
Czechoslovakian specialists. The goal of the experiments 
is to produce data on the effects of space flight factors on 
heredity. A Japanese quail was selected as the research 
subject. On a manned facility, such experiments require 
special measures for removing harmful impurities and 
odors and for preventing them from getting into the 
atmosphere of the inhabited quarters. .he biological 
system has its own life-support system. The duration of 
the experiment is around four months. The length of the 
incubation cycle is three weeks. 


The list of applied technical experiments is varied. In 
order to test the capillary devices for extracting liquid 
from the fuel tanks in weightlessness, there is the Volna-2 
system, which consists of a hydraulic stand, a control 
console and removable models of the capillary devices. It 
is assembled by the cosmonauts in the instrument-cargo 
section of the supplementary equipment module. It 
weighs a total of around 250 kg. The experiment’s results 
are recorded on movie film. 


The Astro optoelectronic system, developed by specialists 
from the GDR and the USSR, goes through an experi- 
mental check as part of the control system. It 1s based on 
the Si optical unit, which consists of three measuring 
channels and is installed on a temperature-controlled 
plate on the outside of the air-lock section. The accuracy 
of the frame of reference to the star system amounts, in 
all, to several seconds of arc. 


Replaceable panels with test pieces installed on the 
outside near the air-lock section’s exit hatch will help to 
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answer the question about how space flight factors affect 


composite materials and the condition of the radiators of 


the temperature-control system and the vacuum screen 
insulation 


The ERE equipment will make it possible to to evaluate 
the state of electronic and radio elements in a vacuum 
The information is recorded in the course of the exper- 
iment in a memory unit, and it 1s then relayed to the 
module’s on-board measurements equipment. 


A general-purpose platform on the air-lock section 1s 
used for mounting of the replaceable test samples during 
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acrew EVA. Experiments are conducted on this platform 
using the Danko and Ferrit equipment, which will assist 
in finding out how the structure of prospective structural 
materials changes. 


The large amount of the equipment on the Kvant-2 has 
made the crew’s work more stressful, and the servicing of 
the systems of the multi-unit orbital complex also 
requires a great deal of effort. If the crew 1s to be 
expanded, new and unusual solutions, necessary for the 
development of future space complexes, will be needed. 


COPYRIGHT: “Nauka”, “Zemlyai Vselennaya’’, 1990. 
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Survey of USSR, World Space Programs 


1989 Space Programs 


907Q0090A Moscow POISK in Russian No 14, 
7-13 Apr 90 pp 4-5 


[Article by Mikhail Tarasenko, candidate of physical and 
mathematical sciences, scientific associate of the 
Moscow Physical Technical Institute and permanent 
head of the “Space Chronicle” section in MFTI’s large- 
circulation newspaper ZA NAUKU, under the rubric 
“POISK File’: “Our Dear Satellites’; first three para- 
graphs are source introduction] 


[Text] In speaking at the annual General Assembly of the 
USSR Academy of Sciences, Academician Konstantin 
Frolov, vice president of the USSR Academy of Sciences, 
talked about the need to have the “concept of common 
sense in space research.” 


But the debates which have recently flared up about the 
role and substance of the national space program lack, in 
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our opinion, comprehensive and objective information. 
Although glasnost has, indeed, removed many prohibi- 
tions, even a well-prepared reader has trouble piecing 
together for himself a more or less complete picture of the 
state of affairs “in our space” and comparing it with the 
world level and evaluating it from the standpoint of need. 


This survey will help in that matter. It was prepared by 
Mikhail Tarasenko, candidate of physical and mathemat- 
ical sciences, scientific associate of the Moscow Physical 
Technical Institute [MFTI] and permanent head of the 
“Space Chronicle” section in the MFTI large-circulation 
newspaper ZA NAUKU. 


In 1989, throughout the world, 102 launch vehicles 
placed 1 36 satellites and two interplanetary stations into 
orbit. The Plesetsk Cosmodrome was used most often. 
Launches were also conducted from the following cos- 
modromes: Baykonur (Tyuratam), the U.S. eastern and 
western launch complexes, the French Kourou facility, 
and the Japanese Uchinoura and Tanegashima com- 
plexes. 


























Country Space Budget LVs Launched a | - Spacecraft Launched — —_ 
USSR 6.9 Billion Rubles 74 100 

United States $29.6 Billion : 19 - tT _ 26— - a 
Arianespace {Western Europe) Approx. $600 Million 7 : | _10 : 

Japan $960 Million 2 | 2 











In comparison with 1988, the number of launches in the 
USSR decreased, while those in the United States 
increased. As paradoxical as it may seem, both those 
trends may be considered positive ones. In the United 
States, the consequences of the 1986-1987 accidents 
have been overcome, while, in the USSR, the “short- 
lived” photographic satellites have been replaced by 
vehicles with a longer active life. However, this year, 
1990, the number of launches decrease again, because of 
a reduction in allocations by 10 percent. 


In the past year, there were five launches in the United 
States of the Space Shuttle craft, with the participation of 
24 astronauts. The December mission with the Hubble 
Space Telescope has been shifted to 1990. 


One manned craft was launched in the USSR in 1989 
(there were three in 1988). The reason for the reduction 
in the number of launches is the continual delays in the 
readiness of the new modules for the Mir complex. 
Because of that, it was even necessary in April to 
interrupt the manned operation of the complex. 


It had originally been planned that the assembly of the 
Mir complex would be completed during the current! 
five-year plan, and the 100-ton Mir-2 base unit was 
scheduled to be launched in 1992 to replace it. Bui, if the 
deployment of the complex continues at the current 
pace, then the base unit’s useful life may expire before it 
is compietely outfitted with all five modules. 


The experience of the Mir complex 1s, obviously, also 
having an effect on the fate of the American modular-type 
station, Freedom. Because of budget limitations, Free- 
dom’s design has already repeatedly been simplified, and, 
in order to reduce the cost of the program, Canada, Japan 
and Europe have been brought into it. The reduction in 
appropriations from $2 billion to $1.8 billion forced 
NASA to work up a routine “scaled-down” version of the 
station, sarcastically called ““Nonentity-89.”’ 


In contrast to the “bumper crop” of internauonal mis- 
sions in 1988, there was not a single such mission in 
1989. None is scheduled for 1990. But in 1991, the Mir 
station is to receive cosmonauts from England (in 
March-July), Japan (in May), and Austria (in Novem- 
ber). 


In 1989, the United States began launching two new 
launch vehicles, the Delta-2 and the Titan-4, which were 
developed on contracts from the U.S. Department of 
Defense. The Delta-2 was developed especially for 
launches of the Navstar system’s navigation satellites. 
Eight such rockets can be produced tn a year, and since 
only six Navstars need to be launched per year, the 
“surplus vehicies” will apparently be used for launching 
commercial payloads. The Titan-4 has been developed 
as an alternative launch vehicle, and because of it, the 
Defense Department could, as of 1992, abandon 
launching military satellites with the “shuttles.” 
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The Soviet Energiya-Buran transport system was not 
used in 1989 and, apparently, will not be used in 1990. In 
any case, the program promised more than a year ago for 
its use has still not been made public. The lack of 
Energiya launches stems from their high cost and a lack 
of payloads. 


It should be said that NASA is failing to obtain appro- 
priations for the development of the heavy-lift Shuttle-C 
launch vehicle, which is similar to Energiya, because the 
U.S. Department of Defense “does not feel the need for 
such a launch vehicle.” For the time being, the only 
potential cargo for the Shuttle-C consisis of the larged 
units of the Freedom orbital station (and its fate has 
already been mentioned above). That is why, judging 
from everything, the USSR’s offer to deliver a 100-ton 
cargo into orbit for any customer is hardly evoking a 
response, and the third Energiya launch will, evidently, 
involve further flight tests of Buran in 1991. 


Buran’s third flight in 1992 will be a manned one, while 
its flight design tests, in the opinion of ‘chief pilot” Igor 
Volk, will be completed no earlier than 1994. 


The experience of the Space Shuttle is showing that 
putting a system into operation does not remove the 
need for outlays for getting the bugs out. Since 1981, 
some $2.4 billion have been spent on modifications of 
the Space Shuttle’s components, and that is more than 
was spent to construct the new Endeavor orbital craft to 
replace the lost Challenger. And an additional $1 billion 
was spent on modifying the craft after the Challenger 
accident. 


Despite all those expenditures, NASA specialists esti- 
mate the probability of the loss of an orbital craft at | in 
78 for a single launch. (The probability of a crew 
perishing is somewhat less). That means that there 1s a 
better than 50 percent chance that one of the existing 
craft will be lost before 1995 (a total of 68 flights are 
planned for that period). That is why NASA considers it 
expedient that funds be appropriated for the construc- 
tion of not one, but two new orbital units. 


Other countries are working on the development of their 
Own space transport systems. In Japan, four scaled-down 
copies of the promising N-2 rocket have completed flight 
tests successfully. In the PRC, three new versions of 
launch vehicles are being developed. One of them, the 
Changzheng-2E, will be able to place 8.8 tons into a low 
orbit. The preparations for manned flights in China are 
being held up by financial difficulties. 


An important moment came in Marc! of 1989, when the 
first commercial launch of a private launch vehicle took 
place. The seven minutes of microgravitation brought 
the Space Services company $1 million, which was paid 
to it by NASA for the flight with a 286-kilogram payload 
A similar attempt by the American Rockets company 
ended in failure—both the launch vehicle and the cargo 
were destroyed during the launch. 
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The winged Pegasus rocket may be the novelty of the 
year. It is launched from a B-52 bomber at an altitude of 
12 kilometers and is capable of placing a 400-kilogram 
load into a low orbit. However, the Pegasus’ orbital 
launch has been postponed until 1990. 


In almost every report about the launch of a routine 
satellite, mention is made of the “continuation of the 
scientific investigation of outer space.’’ However, over 
the entire year, only nine specialized science vehicles 
were launched throughout the world. 


The Soviet Interkosmos-24, the Czechoslovakian 
Magion-2 satellite, and the Japanese Akebono were 
designed to study the Earth’s ionosphere. 


Three satellites have been launched for astronomical and 
astrophysical research. The Western European Hip- 
parcus 1s supposed to compile a star catalog. The Amer- 
ican COBE satellite is intended to be used for mapping 
the cosmic background radiation and thus testing 
existing theories of the origin of the universe. The Soviet 
Granat, equipped with the French Sigma x-ray telescope 
and a set of instruments manufactured jointly with 
Bulgaria and Denmark, is a recent craft based on the 
second-generation Venera stations. 


The September flight of the Bion-9 biosatellite lasted two 
weeks. The experimentation with monkeys, which has 
been conducted on Bion satellites since 1983, 1s aimed at 
studying the adaptation of higher animals to weightless- 
ness. The goal of the program is to mitigate the severity 
of this process for the cosmonauts. 


The fifth Foton-type satellite is intended to be used for 
experiments on space-based materials science. In addi- 
tion to the Soviet equipment, it is also outfitted with 
French equipment. 


But the most exotic type of space research 1s, perhaps, 
flight to other planets. Unfortunately, the program for 
the study of the Martian satellite Phobos by Soviet 
automatic stations failed. The first Fobos was !ost while 
still on the way to Mars, and communications with the 
second broke down shortly before it was to rendezvous 
with Fobos and drop scientific probes onto it 


The American Magellan and Galileo stations, launched 
in May and October, will not begin basic research for 
some time. Thus, the only craft which was engaged in the 
investigation of the planets in 1989 was the American 
Voyager-2 craft, which did a flyby of Neptune in August. 


The so-called applied satellites are producing a max- 
imum of practical benefit with a minimum of fuss 


The meteorological vehicles were represented in 1989 by 
the Soviet Meteor-2 and Meteor-3, the Japanese 
Himawari-4, and the Western European MOP-| 


In 1989, the USSR launched the first five Resurs-type 
satellites for the purpose of mapp.:.g and studying nat 
ural resources. Just like their predecessor Kosmos series, 
the Resurs satellites are based on the Vostok spacecraft, 
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but in the recovery vehicle, instead of a cosmonaut, there 
is a camera. Almost at the same time, the USSR and the 
United States began the deployment of navigation satel- 
lite systems—the GLONASS and Navstar systems. In 
1989, five Navstar and two pairs of GLONASS satellites 
were launched. In their final forms, each system will 
consist of 21 satellites in circular orbits at an altitude of 
around 20,000 kilometers. The American system will be 
fully deployed by 1992, and the Soviet system, by 1995. 
For the time being, use of the Tsikada system is con- 
tinuing in the USSR. 


The most numerous family of space vehicles consists of 
the communications satellites. Last year in the USSR, 
two each of the Molniya-1, Molniya-2 and Raduga 
satellites were launched, as were three Gorizont satel- 
lites. The same number were launched abroad. Deter- 
mining their affiliation by country is difficult because of 
the international integration of space research. 


If, in the West, the applied use of space technology has 
been set up to a large extent on a commercial basis, the 
USSR did not take the first steps in this direction until 
1985, when Glavkosmos was created. In 1988, in order 
to break into the world market, Glavkosmos sold the 
rights to the commercial use of Soviet rocket-and-space 
equipmeni in the West to the American company, Space 
Commerce Corporation. However, the U.S. administra- 
tion’s ban on the export to the USSR of satellites with 
American components has made it impossible so far to 
launch a single foreign craft, despite the relatively low 
cost of Soviet launch vehicles. As of yet, we have been 
unable to export the Soviet Tsiklon rockets for launch 
from U:S. territory. 


That is why the commercial launches of individual 
instruments and units on Soviet vehicles, plus flights by 
foreign cosmonauts, appear to be more promising. For 
example, the French Sifar unit installed on the Foton-5 
brought Glavkosmos 1.5 million francs. 


It should be noted that foreign partners are trying to pay 
for the cost of the flights not in money, but rather in 
scientific equipment and, possibly, in additional ship- 
ments of goods. As for the price: $12 million will be paid 
for the two-week flight by a French cosmonaut. 


The objectives of military satellites coincide to a great 
extent with the purpose of their peaceful brothers: obser- 
vation of the Earth’s surface, weather information, nav- 
igation, communications... 


In 1989, the United States launched two “unclassified” 
military satellites and seven secret Defense Department 
payloads. 


In 1989, for the first time, our government disclosed its 
expenditures for military space programs—3.9 billion 
rubles out of the 6.9 billion allocated by the budget “for 
space.” 


The four small Pion-series satellites, released by the 
Resurs-F satellites, deserve separate mention. These 
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craft, intended for investigation of the upper layers of the 
atmosphere, were developed by the student design 
bureau of the Kuybyshev Aviation Institute. That insti- 
tute 1s the second higher educational institution in the 
USSR (after the Ordzhonikidze Moscow Aviation Insti- 
tute) to have produced “‘student”’ satellites. 


Intelligence Satellites 


907Q0090B Moscow POISK in Russian No 14, 
7-13 Apr 90 p § 


[Article by Academician Boris Raushenbakh, under the 
rubric, “And Here is the Opinion of Academician Boris 
Rausherbakh”: ‘“‘Why Do We Need Spies in Space?’’] 


[Text] I consider our lag behind in space to be relative. In 
a whole number of areas, we are ahead of the Americans. 
For example, our cosmonauts have stayed aloft in space 
for a year, while the American astronauts have not even 
come close to that length of time. Our country 1s the only 
one that is performing in-orbit assembly of a station 
consisting of modules (Mir). But we are, in fact, behind 
the United States in the investigation of the solar sys- 
tem’s planets. The reason for the lag is the low quality of 
our electronic equipment. I am talking about production 
quality, not conceptual quality. In order to perform 
flights within the solar system, a space vehicle should be 
able to operate at least for five years, preferably 10-20 
years. It is difficult to imagine a Soviet-manufactured 
television set, for example, that continues to work for 20 
years. 


Are our allocations for space justified? The notion of 
immeasurably large expenditures for space is artificial, 
inasmuch as information about the purposes of a launch 
is frequently wrong, especially when we are talking about 
the launches of Cosmos-series satellites. Most of those 
satellites are not intended for scientific research at all. 
They are reconnaissance satellites, or, as they are some- 
times called, spy satellites. However, the latter 1s simply 
not true, since the satellites are not doing anything 
illegal. They are just carrying out continuous observa- 
tions of the Earth’s surface. 


I frequently cite an example which demonstrates the 
capabilities of the reconnaissance satellites. The United 
States can’t even build a dog kennel without our knowing 
about it in this country, and vice versa. The satellite 
flights have made possible the signing of agreements 
between the USSR and the United States on strategic 
arms limitations, and the satellites, in fact, are moni- 
toring the observance of the agreements. 


I would note that it is impossible to use false reports to 
conceal the purpose of the launch of a given satellite. 
Specialists can easily distinguish a research satellite from 
a reconnaissance Satellite from its orbital features (its 
altitude, period of revolution and so on). 


When people demand that funds for space research be 
cut, they forget about two things. First, 1n many areas 
involving the development of space hardware, we are on 
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a world-class level. It is easy to lose a leading position 
and much more difficult to catch up. Second, we 
shouldn't undermine the bases for maintaining peace. 
Most of the Kosmos-series satellites are used to monitor 
the observance of the adopted agreements and are 
making possible the signing of further agreements, such 
as those regarding the reduction of strategic rockets by 
half. Incidentally, in all the agreements signed with the 
United States, there is a clause which says that moni- 
toring of the observance of the agreement is to be done 
using the country’s own resources. This action which is 
fundamental for maintaining peace is being done with 
satellites. 


I believe that we shouldn’t scrimp on the preservation of 
a peace which is being kept by the satellites. The recon- 
naissance satellites represent the peaceful use of space, 
inasmuch as they do not carry weapons and they serve 
the cause of peace. 


As for the mutual relations between the USSR Academy 
of Sciences, which is the customer for space technology, 
and its supplier, the USSR Ministry of General Machine 
Building, I think that it is necessary to return to the 
practice which came about after the launch of the first 
satellite. In S. Korolev’s time, a specific scientific objec- 
tive was set up, and a space vehicle was developed for it. 
After all, the vehicle’s appearance changes greatly in 
relation to the task. The Academy of Sciences should noi 
order space vehicles—it should formulate two or three 
scientific objectives and, together with the equipment 
developers, create the space vehicles for them. In any 
case, the USSR Academy of Sciences should develope its 
preliminary plans together with industry. 


RT-70 Radioastronomy Observatory in Uzbekistan 
907Q0114 Moscow ZEMLYA I VSELENNAYA 
in Russian No 3, May-Jun 90 pp 27-32 


[Article by Candidate of Physical and Mathematical 
Sciences L. M. Gindilis, State Astronomical Institute 
imeni P. K. Shternberg, Moscow State University, under 
the rubric “Observatories and Institutes”: *‘Radioastron- 
omy Observatory Under Construction”; first paragraph 
is source introduction] 


[Text] A radioastronomy observatory of the Astronomical 
and Space Center of the USSR Academy of Sciences 
Institute of Physics imeni Lebedev is being built in the 
mountains of Uzbekistan. Its main instrument will be the 
largest radio telescope in the world for the very shortest 
wavelengths. The observatory will operate in the same 
program with space-based radio telescopes, thereby 
forming a gigantic interferometric system with dimen- 
sions much greater than the diameter of the Earth. 


Deep Into the Millimeter Range 


The main instrument in the observatory under construc- 
tion is the RT-70 radio telescope—a fully rotational, 
70-m_ parabolic reflector that operates in the short, 
millimeter radiowave range (right down to A = 1 mm). 
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Bear in mind that a radio telescope’s effectiveness is 
determined by two main parameters: penetration and 
resolution. Penetration characterizes the telescope’s 
ability to detect faint objects and is determined by its 
antenna’s collecting area. The larger the reflector diam- 
eter, the greater the radio telescope’s penetration, the 
fainter the objects it can detect, and, consequently, the 
farther into the reaches of the Universe and the depths of 
time such a radio telescope will be abie to penetrate. The 
angular resolution characterizes the ability to differen- 
tiate two objects near each other in a picture plane, or to 
‘see’ the fine details of a radio image. The greater the 
radio telescope’s resolution, the more detailed the image 
that can be obtained. Resolution is determined by the 
ratio of wavelength to reflector diameter. 


The first radio telescopes operated in the meter wave- 
length range and had a very low resolution. The devel- 
opment of more precise telescopes in the decimeter and 
centimeter ranges constituted a significant stride for- 
ward. One of the first representatives of this class was the 
Large Pulkovo Radio telescope (LPRT). The largest 
centimeter-range telescopes are the Arecibo (United 
States) radio telescope, with its fixed 300-m-diameter 
dish, and the fully rotational, 100-m radio telescope on 
Mount Effelsberg (FRG). Any further increase in 
reflector size for ground-based telescopes comes up 
against insurmountable problems. First, their costs 
increase immensely. Second (and this is really the main 
problem), weight-induced deformations which distort 
the reflector surface increase. Apparently, the 100-m 
radio telescope is close to the design limit for ground- 
based, centimeter-range radic telescopes. Consequently, 
radioastronomers seek to achieve enhanced resolution 
by developing systems with excess resolution— 
variable-profile antennas (LPRT, RATAN-600) and syn- 
thetic-aperture, the largest of which is the VLA system in 
the United States. 


Another way of enhancing resolution is to decrease 
wavelength, that is, to move to the millimeter range of 
the spectrum. Astronomers have long dreamed of pene- 
trating the millimeter range, not only because of the 
increased resolution, but also because the mastery of 
each new range makes it possible to obtain essentially 
new data about astronomical objects. Optical astronomy 
gradually broadened its scope of investigations into the 
ultraviolet and infrared regions of the spectrum. Radio- 
astronomy, which began with meter waves, gradually 
mastered the decimeter and centimeter ranges and pro- 
ceeded to studies of the millimeter range. On that path, 
as it moved to ever shorter waves, radioastronomy not 
only obtained additional information about already 
known objects, but also came across new data. Some of it 
had been predicted theoretically, some came as a com- 
plete surprise to the investigators. And in each instance 
of our mastery of a new range, our knowledge was 
expanded and enriched. 


Why did radioastronomy begin with the meter waves? 
The reason for this is linked with the development of 
radio-engineering. For one thing, highly sensitive 
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- =r 
Diagram of physical plant of the RT-70 radioastronomy 
observatory 


Key: I|—RIT-70 radio telescope; 2—{not given); 3— 
experimental assembly building; 4—aboveground 


walkway; 5—main building; 6—power-and-services 
ifCa 
what is to us the distant future, to you the present. But we 


want to believe that it will exist. And we believe that it will 


Our reeard vou, citizen of the Solar System! 


In 1988, the construction of the four-story RT-70 tower 
was, for the most part, completed, and the assembly of 
the antenna itself was begun. The walls and roof of the 
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experimental assembly building have been completed 
Construction of structures in the power-and-services 1s 
under way; engineering service lines are being laid. The 
construction of the radio observatory 1s entering its most 
crucial phase. Much work still lies ahead 


Ground-Space Radio Interferometer 


The RT-70 radio telescope will operate in two modes: as 
an independent instrument, and paired with a space 
based radio telescope (SRT), forming with it a ground 
space radio interferometer. The creation of such an 
interferometer is part of the Radioastron § project 
(ZEMLYA I VSELENNAYA, No 1, 1989), a large inter 
national project in which many country are involved 
The science director for the project is USSR Academy of 
Sciences Corresponding Member N. S. Kardashev. Let 
us recall that the first space-based radio telescope—the 
KRT-10—was put into orbit by the Soviet Union in 
1979 


The first stage of the Radioastron project calls for the 
launch of an SRT with 10-m reflector and a limiting 
wavelength of | cm. The second stage will involve the 
launch of an SRT of the same dimensions with a limiting 
wavelength of | mm. The telescope will be put into a 
high-apogee orbit, perpendicular to the plane of the 
ecliptic (maximum distance from the Earth on the order 
of 70,000 kilometers). The resolution of the radio inter 
ferometer will reach 10°°-10°° seconds of ar 


To support the operation of the RT-70 in the ground- 
space radio interferometer configuration, the radio 
observatory on Suffa Plateau will have a special satellite 
communications complex (see back cover). The complex 
will have three antennas. Receiving antenna Al receives 
the wide-band interferometric signal from the SRT. That 
signal, when added to the signal coming from the RT-70 
creates an interference pattern. Transceiver antenna A2 
transmits to the SRT and receives from it the synchro 
nizing signal from the hydrogen frequency standard. And 
finally, tranceiver antenna A3 provides for radio com 
munications with the Flight Control Center and the 
Lebedev Institute of Physics Astronomical and Space 
Center via satellite relay 


The receiving antenna 1s situated near the RT-70, on the 
roof of the radio observatory’s main building, beneath a 
radio-transparent housing, while the 
antennas are located at the satellite communications sit¢ 
several kilometers from the RT-70. The site 
the terrain around it to provide protection for the RT-70 
from the emissions of the transmitters 


transceivel 


chosen uses 
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Granat Orbital Observatory Working 
‘Successfully’ 

LD1210224590 Moscow TASS in English 1803 GM17 
l2 Oct 90 


[Text] Mission Control Center October 12 TASS—The 
international orbital observatory Granat has already 
been successfully operating in space for more than ten 
months 


During the past two months, the observatory has been 


busy compiling detailed maps of the central part of our 


galaxy, as seen with the help of x-ray radiation 


An analysis of the data from Granat in the Mission 
Control Center has resulted in the discovery of three 
previously unknown x-ray sources that have been :.amed 
after the observatory—Granat 


X-ray flashes have been registered coming from three 
other sources in the galaxy center. They were emitted 
following nuclear explosions on the surface of neutron 
stars. The nature of these sources has been identified 


The space observatory helps in the search for the neutron 
star, or black hole, that was expected as a result of the 
super-nova explosion in the Large Magellanic Cloud 
However, no x-ray radiation from this object has been 


registered 
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Construction of the tower for the RT-70 radio telescope (on the left) 
and the experimental assembly building (on the right), 1988 


Measurements continue of the revolution periods of 
known neutron stars—the Roentgen pulsars. The search 
continues for sources of gamma-outbursts from space 
More than ten such outbursts were detected in Sep- 
tember and October 


Granat continues regular observations of solar activity 
and the radiation background in open interplanetary 
space and within the boundaries of the Earth’s magnet 
sphere 


According to telemetric data, all on-board systems and 
research devices are functioning normally 


‘Gamma’ Satellite Continues Observations 
LD1910222290 Moscow TASS in English 1929 GM] 
19 Oct 9O 


[Text] Mission Control Center October 19 TASS—The 
Soviet space observatory Gamma, launched on July 11 
1990, continues on its mission. During its 100 days of 
orbital work, all on-board systems have been thoroughly 
checked and tested. The search has begun for astrophys 


ical objects which emit bursts of gamma-rays 


Since the end of August. the observatory has been 
watching the gamma-pulsar in the Sail constellation 
High energy radiation has been registered, permitting 
conclusions to de drawn about the source. The center of 


our galaxy has been regularly under observation 
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The results of tests and checks required certain changes 
in the research plans. An electric current failure in a 
Gamma-! telescope detector network called for reorien 
tating the plan, with most of the work now devoted to 
gamma-pulsars 


Other work performed by the unmanned observatory 1s 
the observation and study of the earth’s radiation belts at 
low altitudes, including in the Brazilian anomaly, and 
the electron component of space rays. Peak solar activity 
will be followed as well 


Data from the space observatory is being processed and 
analysed by scientists in the Soviet Lnion, France and 
Poland 


UDC 523.94 


Distribution of Radio Brightness at the Solar 
Poles in the Centimeter Range 

90700163 Moscow ASTRONOMICHESKI!) 
ZHURNAL tn Russian Vol 67 No 4, Jul-Aug 90 
(manuscript received 31 July 1989) pp 845-850 


[Article by Ye. G. Kossova, S. P. Leonenko, B. A 
Poperechenko, L. V. Yasnov, Leningrad State Univer 
sity] 


[Abstract] In the second half of 1983 the Sun was 
scanned in a linear beam pattern at 5.2 and 8.! cm in th 
meridional direction using a TNA-1500 radio telescope 
The difference in the dimensions of the Sun at these tw 
wavelengths was found to be -0.006 to -0.055 solar rad 
with an error of 0.001 solar radu. The increas 
antenna temperature at the limb was also measured 
When polar brightening was insignificant, the etfectis 
dimensions at both wavelengths were similar. The rela 
tive brightening of the antenna temperature at the limt 
varied but did not exceed five percent of the wavelength 


It is shown that a supergranulation model of the upper 
atmosphere of the Sun does not match radio observa 
tions. A two-component model which considers the rol 
of spicules in the absorption of radio waves satisfactor: 
describes the radio observations of the polar regions of 
the Sun in the centimeter range. Figures 3; tables 3 
references 15: 5 Russian 10 Western 


UDC §23.72 


Variations in Hydrodynamic Parameters of Solar 
Wind Protons and Particles According to 


Prognoz-7 Measurements 
907000944 Moscow KOSMICHESKIYI 
ISSLEDOVANIYA in Russian Vol 28 No 2, Mar-Apr 
Jan 8&9 pp I7¢ 


manuscript received 5 


‘Article by Yu. I. Yermolavev. V. V. St 


Zastenker. G. P. Khamitov and I. Kozak 
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[Abstract] Systematic selective measurements of the 
proton and a components of the solar wind by Prognoz- 7 
(November '978-July 1979) revealed or confirmed a 
number of patterns of comparative behavior in hydro- 
dynamic parameters. The relative content of a-particles, 
when averaged over long intervals, increases somewhat 
at the maximum of the solar activity cycle. With an 
increase in solar wind velocity to about 500 km/s from 
about 300 km/s, the a-particle content, the ratio of 
a-particle and proton temperatures, and the difference in 
a-particle and proton velocities increase monotonically 
With a further velocity increase, to about 620 km/s, the 
ratio of a-particle and proton concentrations and the 
difference in velocities decrease appreciably. The 
behavior in terms of the difference in velocities can be 
explained with the hypothesis that fluxes with varying 
a-particle content mix. The fact that a-particle temper 
atures are higher than those of the protons 1s also a 
function of their relative content, and the difference 
increases with increasing velocity difference, indicating 
the important role of frictional forces between the two 
ionic components. The experiment fully confirmed the 
presence of a balancing of the transport velocities and 
kinetic temperatures of different 1onic components as a 
result of exchange of momentum and energy during 
Coulomb collisions. With an increase in the number of 
collisions, the gap between measured values for velocity 
difference and mean values narrows considerably. Fig 


ures 6: references 21: 7 Russian, 14 Western 


UDC $81.52] 


Energy Spectra of Ring Current Ions in Outer 
Region of Trapped Radiation Zone 


107Q00094B Moscow KOSMICHESKIYI 
ISSLEDOVANIYA in Russian Vol 28 No 2, Mar-Apr 90 
manuscript received 26 Apr 89) pp 226-229 


(Article by M. I. Panasyuk] 


{Abstract} Experimental data obtained by the Gorizont 
(1987-07A) and AMPTE/CCE satellites in the outer 
region of the radiation belts are analyzed on the basis of 
measurements of H’, He~’, He’, O' and [C, N, O] 1ons 
with a charge greater than or equal to 5’ and energies 
greater than 10 keV. The following conclusions were 


drawn from measurements of the ionic composition of 


he ring current during a magnetically quiet period tn the 
region of a geostationary orbit. The spectra of Hi’, He 
and [C, N, O} ions are similar in terms of E/Q for 


energies greater than tens or hundreds of keV The 
relative content of these 1onic components 1s determined 
by the ratio of the corresponding densities characterist« 
solar nature of 


for the solar wind. thereby confirming the 


particles. The boundary of the tail of the energy 

tribution of 1tonospheric ©" 1ons 1s at an energy level 

bout 130 ke\ 
We: 


Figure |: references | 1: 6 Russian, 5 
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UDC 551.521.8 


Interkosmos-19 Study of Pulsations of Fluxes of 
Charged Particles During Magnetic Storms 
907Q00094C Moscow KOSMICHESKIYI 
ISSLEDOVANIYA in Russian Vol 28 No 2 
(manuscript received 23 Jun 89) pp 230-234 


Mar-Apr 90 


[Article by Ye. S. Vinogradova, Yu. V. Mineyev, I. B 
Volkov and G. A. Glukhov} 


[Abstract] Pulsating fluxes of charged particles usually 
accompanied by short-period magnetic field fluctuations 
are observed during magnetic storms in the magneto- 
sphere and ionosphere. The Interkosmos-1!9 satellite 
measured charged-particle flux, magnetic field, and VLF 
emission amplitudes during magnetic storms on 22 
March, 3-5 April, and 24-25 April 1979. A Pero-ZI 
spectrometer was used in measurements of fluxes of 
electrons with a energies FE, = 0.04-2 MeV and fluxes of 
protons with a energies E,, = 0.9-8 MeV, a +/-60,000 n1 
magnetometer was used to measure the magnetic field 
The characteristic periods, amplitude and intensity of 
modulation of particle fluxes were determined for all 
three events. The characteristics of the pulsations are 
analyzed as a function of the phase of storm develop- 
ment and the region of their appearance. The results are 
interpreted on the basis of the hypotheses of exo- and 
intramagnetospheric origin of such pulsations. Figures 3 
references 12: 9 Russian, 3 Western 


UDC 551.510.535.2 


Influence of Electric Field on Structure of Main 
lonospheric Trough 


907Q0094D Moscow KOSMI( Hf SAlY} 
ISSLEDOVANIYA in Russian Vol 28 No 2, Mar-Apr 90 
(manuscript received 15 May 89Y) pp 235-242 

[Article by G. Gdalevich, N. Isayev, V. Gubskiy, Ye 
Trushkina and G. Stanev] 


[Abstract] The influence of an electric field on th 
structure of the main 1onospheric trough (MIT) and on 
concentration inhomogeneities in the trough region 1s 
discussed on the basis of electric-field and plasma 
concentration data obtained by the Interkosmos- 
Bolgariya-! 300 satellite in the near-midnight sector of 
the mid-latitude trough. The possible mechanisms of 
formation of concentration inhomogeneities in the 
trough region are examined. Simultaneous satellite mea- 
surements included those of electric field, plasma den 
sity and particle flux. It was found that the magneto- 
spheric electric field in virtually all cases penetrates into 
the subauroral 1onosphere (beyond the polar wall of the 
trough). The degree of penetration 1s dependent on the 
strength and orientation of the polar wall B. component 
of the interplanetary magnetic tield (IMF) and on geo 
magnetic disturbance. The position of the polar wall of 
the MIT is governed by geomagnetic disturbance and the 
orientation of the IMF B. component. The polar wall of 
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the MIT in the near-midnight sector of the mid-latitude 
trough coincides with the onset of leakage of electrons 
with a energies of several keV, and therefore it is evident 
that it is formed under the simultaneous influence of 
fluxes of leaking electrons and the electric field. The 
appearance of electron density inhomogeneities in the 
trough can be attributed to the development of gradient- 
drift instability. Figures 6; references 17: 6 Russian, 11 
Western 


UDC §33.951.2 


Small-Scale Ionospheric Inhomogeneities and 
Features of External Sounding lonograms 


907Q0094E Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 2, Mar-Apr 90 
(manuscript received 20 Feb 89) pp 243-247 pp 243-247 


[Article by D. S. Bratsun, P. F. Denisenko, N. A 
Zabotin, S. A. Pulinets and V. V. Selegey] 


[Abstract] A study was made of several aspects of prop 
agation of scattered, slow, extraordinary waves in the 
range between the local plasma frequency and the fre 
quency of the upper hybrid resonance in the 1onospheri 
resonance layer. The work reported here is a continua 
tion of work previously reported by the authors (GEO- 
MAGNETIZM I AERONOMIYA, Vol 27, p 500, 1987) 
A numerical analysis was made of the trajectories of 
scattered waves in the plane of the magnetic meridian on 
the basis of the collisional absorption mechanism. It was 
found that at a fixed frequency the waves are focused at 
a definite altitude regardless of the initial emission 
conditions. The intensity maximum of scattered waves ts 
observed in the same frequency range. There was a 
quantitative agreement between theoretical predictions 
of propagation time and characteristic features, on the 
one hand, and experimental data collected by the Kos- 
mos-1809 satellite, on the other. This confirms the 
possibility of direct observation of the process of trans 
formation of an ordinary wave into the z-mode during 
scattering on smail-scale inhomogeneities. It also con 
firms that natural small-scale electron concentration 
inhomogeneities exist at altitudes from several hundred 
to several thousand kilometers. Figures 3: references 
Russian 


LD $37.59 


Model of Dynamics of ‘lonospheric Hole’ With 
Allowance for Processes in Tube of Force 
9) 7O00094F Moscow KOSMICHESKIYI 


ISSLEDOVANIYA in Russian Vol 28 Ni Var-Ar 
manuscript received 28 Dec 88) pp 248-254 
[Article bv M. N. Vlasov. 8S. A. Ishanov. K. S. Latyshe 


and VV 


Medvedev] 
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{Abstract} A mathematical model of the distribution of 


ionospheric plasma along a tube of force of the geomag- 
netic field was used in examining the evolution of an 
ionospheric hole formed by the anthropogenic introduc- 
tion of water. The behavior of charged particles along a 
tube of force is modeled by way of the numerical solution 
of a system of equations of continuity, motion, and 
energy. The simulation of the influence of the water on 
the vertical distribution of electron concentration N.,, 
performed with allowance for processes along a geomag- 
netic field tube of force, considerably broadens and 
changes our concepts concerning the dynamics of iono- 
spheric holes. It indicates the particularly important role 
of 1onospheric-plasma exchange under these conditions. 
It also makes it possible to establish the existence of what 
appears to be a secondary ionospheric hole during the 
sunset period and indicates that the effect extends for a 
far greater time, taking in almost 24 hours, with an 
important role being played by the dynamics of the 
forming hydrogen. The ionospheric hole may correspond 
to an increase in the number of charged particles in the 
plasmasphere which partially screens the other hem- 
sphere from the effect. However, with a Macliwain 
parameter of L < 3, such screening 1s inadequate, and 
the effects begin to be felt in the other hemisphere. 
Figures 4; references 8: 6 Russian, 2 Western. 


UDC 543.42:522.124 


Some Aspects of the Computation of Penetration 
Function 

907Q00094G Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 2, Mar-Apr Yu 
(manuscript received 28 Feb 89) pp 306-309 


[Article by R. A. Nymmik] 


[Abstract] The function of penetration of charged parti- 
cles into near-Earth sateliite orbits, €;(R), 1s the ratio of 
the flux of particles with a given rigidity in near-Earth 
orbits to the flux of particle outside the Earth’s magneto- 
sphere. If the e,(R) is known, one can compute the 
magnitude of flux of particles outside the magnetosphere 
from the results of measurements performed in near- 
Earth orbits, and, conversely, one can find the expected 
particle fluxes for a given orbit if particle fluxes in 
interplanetary space are known. In the simplest and most 
popular instance, €s(R) is assumed to be equal to 6/ 
during which a satellite is located in a geomagnetic field 
region that is accessible to particles with a vertical 
rigidity R; the angular dependence of the geomagnetic 
field cutoff rigidity and the effect of the penumbra are 
disregarded. The author examined the limits of applica 
bility of that method of computation. Penetration func- 
tion was computed two ways for each of three circular 
orbits with an altitude 350 km and inclinations of 52 

62° and 82°. In the first variation, allowances were mad¢ 


for both the penumbra and the angular dependence of 
both effects were disregarded in the 
The computations were made using 


cutoff rigidity 
second variation 
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the Shea-Smart tables of effective vertical cutoff rigidi- 
ties. The relationship between effective cutoff rigidity 
and altitude was computed with the formula R..{//) = 
Ruf H = 20)[H./(H + H)}’, in which H was the orbital 
altitude and #7, was the Earth’s radius in kilometers. 
Regardless of orbital parameters, the deviations of the 
results of the simplified computational variation do not 
exceed 2 percent in a rigidity region less than 7 GV, and 
they are as high as 10 percent at large rigidities. In cases 
in which accuracy requirements do not exceed given 
values, one can disregard the penumbra effect and the 
cutoff rigidity angular dependence when computing the 
penetration function, thereby substantially reducing the 
computer time required for computations. Figures 3; 
references 3 (Western). 


UDC 531.352 


Existence of Invariant Tori in Problem of Motion 
of Satellite With Solar Sail 


907Q00094H Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 2, Mar-Apr 90 
(manuscript received 11 Jan 89) pp 309-312 


[Article by T. A. Rybnikova and D. V. Treshchev] 


[Abstract] Nonsmooth Hamiltonians arise in celestial 
mechanics, such as in the problem of motion of a satellite 
with a flat solar sail. The A. N. Kolmogorov theorem 
asserts that most nonresonance invariant tori of a non- 
degenerate integrable system are preserved when there 1s 
a small perturbation of the Hamiltonian, being only 
slightly deformed. In this paper, the authors formulate a 
general theorem on applicability of the A. N. Ko!mog- 
orov theorem to systems with nonsmooth Hamiltonians, 
and they apply it to the problem involving the motion of 
a heliocentric satellite with a flat solar sail. The helio- 
centric satellite consists of a solid and a plate rigidly 
connected to each other by a boom that joins the center 
of mass of the entire system and the geometric center of 
the plate. The plate—the solar sail—has a surface that 1s 
an ideally black body; the sail 1s positioned perpendi 
ular to the boom. The satellite is referenced to two 
coordinate systems, making it possible to demonstrate 
the applicability of the A. N. Kolmogorov theorem to the 
specific solar sail problem examined. Figure |; refer- 
ences 8: 7 Russian, | Western. 


LIDC §$0.383 


Special Features of Biennial Modulation of 
Galactic Cosmic Rays in Earth’s Northern and 
Southern Hemispheres 

907000941 Moscow KOSMICHESKIYI 
ISSLEDOVANTYA in Russtan Vol 28 No 2, Mar-Apr 90 
received 1 Feb 8Y) pp 312-314 


manuscripl 


[Article by P. P. Ignatyev and V. P. Okhlopkov] 
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[Abstract] The biennial period in the modulation of 


galactic cosmic rays (GCR) and solar activity has long 
been known as a result of ground-based data. It was first 
identified in measurements of GCR fluxes in outer space 
by Gorchakov ef al. (KOSMICH. ISSLED., 1984, Vol 
22, No 3, pp 432-439), who were studying the phase 
correlations between waves in solar activity and GCR 
On the surface, it would seem that such modulation is 
not magnetospheric or atmospheric. However, research 
indicates that different energy relationships exist in the 
temporal variation of two waves of GCR modulation 
based on measurements in different hemispheres. In 
fact, biennial variations in GCR at Mirnyy and Mur- 
mansk at various isobaric levels show that waves are 
sometimes synchronous throughout the entire altitude 
profile of the atmosphere and sometimes undergo a slow 


phase shift that changes monotonically with altitude of 


residual atmosphere. The phase fluctuations of the bien- 
nial waves are more clearly tracked in a north-south 
direction. The authors use the rephasing of the magnetic 
moment of the Sun in 1969-1971 to explain the fluctu- 
ations observed here on Earth. Figure |; references 6: | 
Russian, 5 Western. 


UDC 520.6;524.352 


Hard X-Ray Radiation from SN 1987A: Results of 
Observations of the Rentgen Observatory on the 
Kvant Module in 1987-1989 


907Q0104A Moscow PISMA V 
ASTRONOMICHESKIY ZHURNAL in Russian Vol 16 
No 5, May 90 (manuscript received 26 Feb 1989) 

pp 403-415 


[Article by R. A. Syunyayev, A. S. Kaniovskiy, V. \ 
Yefremov, S. A. Grebenev, A. V. Kuznetsov, J 
Englhauser, S. Doebereiner, V. Pietsch, C. Reppin, | 
Truemper, E. Kendziorra, M. Maisack, B. Mony, and R 
Staubert, Space Research Institute, USSR Academy of 
Sciences, Moscow, Institute of Extra-Atmospheric 
Physics, Max Planck Society, Garshing, West Germany, 
Astronomical Institute of Tubingen University, West 
Germany] 


[Abstract] The third and fourth detectors of the HEXE 
experiment were successfully calibrated, and their data 
increases the confidence and decreases the error of the 
data of the experiment as a whole. Observations made in 
June 1989 showed that the 45-105 keV hard X-ray flux 
from SN 1987A had dropped by a factor of 8.5 from its 
maximum in January 1988. The hard X-ray light curve 
makes it possible to determine the distribution of radio 
active cobalt in the shell with minimal assumptions. Ihe 
upper limit of the abundance of °’Co/°°Co was found t 
be a factor of 1.5 higher than ihe Earth’s abundance of 
>’Fe/>’Fe (at 30). Abundances of ““Na and “*Ti were 


also found. Data 1s presented to set an upper limit on the 
luminosity of the stellar remnant, and it is shown that 
there was strong mixing of cobalt in the early stages of 
expansion. It is stated that HEXE data can also be used 
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to determine parameters of the hidden pulsar. Figures 6: 
references 26: 8 Russian 18 Western. 


UDC 523.164 


Parameters of the Temporal Harmonics of Lunar 
Brightuess Temperature From High Resolution 
Observations on the RATAN-600 

907Q0104B Moscow PISMA V ASTRONOMICHESKIY 
ZHURNAL in Russian Vol 16 No 5, May 90 
(manuscript received 12 May 1989) pp 460-467 


[Article by M. N. Naugolnaya and N. S. Soboleva, 
Special Astrophysical Observatory of the USSR 
Academy of Sciences in Nizhniy Arkhyz, Leningrad 
Branch of the Special Astrophysical Observatory of the 
USSR Academy of Sciences] 


{Abstract} The variable portion of the Moon’s radio 
temperature 1s determined in the centimeter and deci- 
meter range from high-resolution observations on the 
RATAN-600 radio telescope. By comparing the param- 
eters of the first and second harmonics one can derive 
values for the variation in properties of the lunar surface 
with depth in a layer up to 5.5 m thick. The authors’ 
method makes it possible to harmonically analyze the 
Moon more accurately at 1.35-31.3 cm. It compares 
radio temperatures at two points which are symmetri- 
cally positioned relative to the visual center of the 
Moon’s disk. A system of linear equations is developed 
for two and three harmonics which can be solved us'ng 
Gauss formulas. Drawbacks of the method are discussed 
It is shown that this method has advantages over other 
methods when amplitudes are relatively small (long 
waves). Figures 2; references 10: 8 Russian, 2 Western. 


UDC 520.35 


Experience with the ZEBRA Echelle-Spectrometer 
on a 6-Meter Telescope 


9070104C Moscow PISMA V ASTRONOMICHESKI) 
ZHURNAL in Russian Vol 16 No 5, May 90 
(manuscript received 28 Aug 1989) pp 473-480 


[Article by E. B. Gazhur, V. G. Klochkova, and V. Ye 
Panchuk, Special Astrophysical Observatory of the 
USSR Academy of Sciences in Nizhniy Arkhyz] 


[Abstract] After modification in 1987-1988, the SP-161 
Echelle spectrograph was installed at the Nasmyth-2 
focus of the 6-meter telescope and became part of a three 
spectrograph arrangement. A light splitter was installed 
which allows the SP-161 to record separate wavelengths 
or regions of the spectrum. Parameters of Echelle spec- 
trograms are given in the table. The ZEBRA complex 
optics are shown in Figure |. The telescope complex 
includes a two-dimensional photon-counting system. It 
was found that drops in temperature at the Nasmyth-2 
focus and other work modes of the telescope had a 
regligible effect on the quality of the spectral image and 
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its stability. The main source of instability is distortion 
of the trajectory of the light in the cathode ray tube as a 
result of extraneous magnetic fields. This effect is repro- 
ducible and can be corrected for. The ZEBRA complex is 
also to be noted for its efficient work in the ultraviolet. 
Figures 3; references 14: 12 Russian 2 Western. 


UDC 503.12:521.95 


Relativistic Frame of Reference in Near-Earth 
Space and Radiointerferometric Observations 
YO7QO0I105A Kiev KINEMATIKA I FIZIKA 
NEBESNYKH TEL in Russian Vol 6, No 2, 
Mar-Apr 90 pp 3-7 


[Article by A. N. Aleksandrov, V. I. Zhdanov, S. L. 
Parnovskiy, Astronomical Observatory, Kiev University 
imeni T. G. Shevchenko] 


[Abstract] Relativistic corrections to VLBI time delay 
are found through the use of a barycentric (Earth-Moon) 
frame of reference based on Fermi coordinates. The 
frame enables the determination of the homogeneous 
component of the Sun’s gravity field and the orbital 
motion of the Earth-Moon barycenter. An expression is 
derived for the time delay in VLBI observations with an 
accuracy of 10°'* s with the antennas of the interferom- 
eter within the orbit of the moon. The expression con- 
tains a number of additional corrections which are 
essential when the time delays are on the order of one 
second. References 11: 5 Russian, 6 Western. 


UDC 521.182:629.783 


Integration of Equations of Motion of Low-Orbit 
Satellite With Taylor Method 

907Q0105SB Kiev KINEMATIKA I FIZIKA 
NEBESNYKH TEL in Russian Vol 6, No 2, 

Mar-Apr 90 pp 13-16 


[Article by A. V. Krivov, N. A. Chernysheva] 


[Abstract] In an earlier work, Babadzhanyants (PISMA 
V ASTRON. ZHURN., 1981, Vol 7, No 12) developed a 


method for numerical integration of the equations of 


motion in the N-body problem, based on the represen- 


tation of the solution of the polynomial system of 


differential equations as Taylor series. This article takes 
the same approach in its consideration of perturbations 
to the orbit of a satellite that result from the non- 
sphericity of the earth and atmospheric drag, the main 
factors influencing the motion of low-orbit satellites. An 
optimal algorithm is developed for integration error 
estimation. The entire method is implemented as a 
FORTRAN subroutine with a total length of 2048 lines, 
designed to run on the YeS series of computers. The 
program is designed to represent the perturbing portion 
of the geopotential as no more than 12 point masses with 
a piecewise-constant density model of the atmosphere. 
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One advantage of the method is the possibility of inte- 
gration of a system with complex coefficients and initial 
data allowing the use of complex multiple-point models 
of the geopotential and analysis of motion in the com- 
plex space by methods of qualitative celestial mechanics. 
References 7 (Russian). 


UDC 5§21.9-325 


Influence of Moon’s Shadow and Penumbra on 
Earth Satellite Motions 

907Q0105C Kiev KINEMATIKA I FIZIKA 
NEBESNYKH TEL in Russian Vol 6, No 2, 
Mar-Apr 90 pp 17-20 


[Article by Ya. E. Khelali, Yu. V. Batrakov, 4. M. 
Fominov] 


[Abstract] Equations are derived to consider the influ- 
ence of the Moon’s shadow and penumbra on the accel- 
eration of an Earth-orbit satellite that is produced by 
solar light pressure. Estimates of the corresponding 
effects are produced. The equations are convenient for 
studying a perturbed trajectory by numerical methods. 
More accurate results are obtained when a conical 
shadow model including the penumbra 1s used rather 
than a cylindrical model. References 8: | Russian, 7 
Western. 


UDC 520.274-77 


Kvazar Radiointerferometric Complex: Concepts, 
Tasks, Basic Parameters 

907Q01134A Moscow KINEMATIKA I FIZIKA 
NEBESNYKH TEL in Russian Vol 6 No 3, 

May-Jun 90 (manuscript received 27 Nov 1989) 

pp 61-67 


[Article by Ya. S. Yatskiv and A. M. Finkelshteyn] 


[Abstract] Kvazar will be a network of six (ten are 
planned) fully rotating specular radio telescopes in the 
centimeter range (D = 32 m, F = 11.4 m) The complex 
will go on line in 1995. The radio telescopes are linked 
with a control center which collects and processes the 
data. Four sites have been chosen thus far for the 
telescopes: Priozersk, Leningrad Oblast; Zelenchuk- 
skaya, Stavropol Kray; Firyuza, Ashkhabad Oblast; and 
Bodary, Buryat ASSR. Moskalenki, Kiev Oblast, was 
initially among the sites chosen, but it was later found to 
be geologically unsuttable, and a new site is being 
sought). Consequently, two sites remain to be deter- 
mined. The antennas operate in two modes: full rate, 
off-line; and quick look, on-line. The system will assign 
and construct two basic systems of coordinates— 
celestial and terrestrial—and will determine positions in 
both at each moment in time. Studies will be conducted 
in astrometry, geodesy, geodynamics, geophysics, radio 
physics, celestial mechanics, astrophysics, the general 
theory of relativity, and cosmology. Kvazar will operate 
as a very long baseline radio interferometry complex. 
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The maximum baseline will be about 6,000 km. The 
position determination error is about 0.001“, angular 
resolution, 0.001", flux sensitivity, 0.01 Jy. Figures 3; 
references 3 (Russian). 


UDC 521.9+520.88+550.388.8 


Determination of the Spatial Characteristics of 
Artificial Noctilucent Formations in the Earth’s 
Atmosphere 


907Q00113B Moscow KINEMATIKA I FIZIKA 
NEBESNYKH TEL in Russian Vol 6 No 3, 
May-Jun 90 (manuscript received 11 May 89) pp 74-79 


[Article by V. A. Savchenko and V. Ya. Choliy] 


[Abstract] This article presents a method to analyze 
artificial noctilucent formations (ANF) based on equa- 
tions of the geometric method of space geodesy. ANF are 
induced by injection of plasma into the ionosphere. 


ANF are observed at two points with known coordinates 
and photographed against a background of stars. Calcu- 
lations place these points into a geocentric system of 
coordinates. In the initial stages of ANF development, a 
resolution of several arc seconds can be obtained with an 
error of about 100 m. The boundaries of the ANF can be 
unambiguously determined only when the formation is 
very optically dense (t > 1), which 1s typical of the early 
stages of development of the ANF. This method enables 
researchers to use a computer to map the spatial evolu- 
tion of the object and to determine the concentration of 
radiating particles in the cloud at a given moment. 
Further automation will provide three-dimensional rep- 
resentation. Figures 2; references 7: 6 Russian, | 
Western 


UDC 523.6 


Use of Markov Processes Theory for Research on 
Spacecraft Motion in the Atmosphere 


907001204 Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 3, 
May-Jun 90 (manuscript received 20 Feb 89) 
pp 380-390 


[Article by N. L. Sokolov, T. I. Poznyak and V. B. 


Pinchuk] 


[Abstract] Very little use has been made of the theory of 
continuous Markov processes for research on the flight 
dynamics of a spacecraft in the atmosphere. Accord- 
ingly, an attempt was made to use continuous Markov 
processes in obtaining the statistical characteristics of 
the terminal parameters of motion of a descent vehicle 
without carrying out massive computations of perturbed 
trajectories. This made possible a considerable reduction 
in computer time expended in obtaining quantitative 
estimates of the accuracy in spacecraft landing. In the 
first stage a solution was found for the model problem of 
descent of a spacecraft with a constant lift-drag ratio and 
angle of attack. The motion of a spacecraft is interpreted 
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as a change in the probabilities of its presence at some 
fixed positions in phase space. Any final conclusion 
concerning the effectiveness of the method in compar- 
ison with known methods can be drawn only after its 
testing in solution of problems with allowance for deter- 
mination of the statistical characteristics of the random 
process by means of the processing of real measurement 
data. Figures 4; references 7 (Russian). 


UDC 533.6 


Algorithms for Control of Vehicle Descent Range 
in Atmosphere With Prediction of G-Forces 
907Q0120B Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 3, 

May-Jun 90 (manuscript received 21 Feb 89) 

pp 391-401 


[Article by Ye. F. Kamenkov] 


[Abstract] Approximate methods are described for deter- 
mining the level of g-forces on all trajectory segments for 
direct reentry of a vehicle in the atmosphere at hyper- 
bolic entry velocities. Algorithms are written for the 
control of flight range with prediction of the g-force level 
when there is an on-board computer in the control 
circuit. The proposed range algorithms are applied quite 
easily when using simple on-board apparatus. The con- 
cept of “region of possible descents” is introduced for 
linking the autonomous and nonautonomous parts of the 
control system. The stipulation of this region and the 
introduction of a nonautonomous final segment lessen 
the accuracy requirements on the autonomous part of 
the system. The results of computation of boundary 
descent trajectories for a vehicle in the Earth’s atmo- 
sphere with control of the angle of attack and banking 
angle are given. Figures 5; references 6 (Russian) 


UDC 535.24:523.42 


Inverse Thermal Sounding Problem: Retrieval of 
Vertical Profile of Absorption Coefficient for 
Optically Active Component of Planetary 
Atmosphere From Observations of Outgoing 
Thermal Radiation 

907Q0120C Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 3, 

May-Jun 90 (manuscript received 25 Dec 89) 

pp 402-412 


{Article by Ye. A. Ustinov] 


[Abstract] A new formulation of the inverse thermal 
sounding problem 1s proposed. A study was made of a 
nonlinear operator dependence relating the intensity of 
outgoing thermal radiation of a purely absorbing plane 
tary atmosphere and the vertical profile of the atmo- 
spheric absorption coefficient, which in contrast to 
optical depth is a local spatial characteristic. It 1s prefer 
able from the standpoint of clarity and comparability 
with physical models of the atmosphere. The variation 
derivative of this dependence is obtained by variation of 

















JPRS-USP-90-005 
26 November 1990 


the expression for intensity and also on the basis of 
solutions of the direct and conjugate thermal radiation 
problems. The derived expression for the variation 
derivative is used in formulating the inverse problem in 
thermal sounding relative to the vertical profile of the 
absorption coefficient. In the future, plans call for use of 
the formulated inverse problem in interpreting data 
from Fourier spectrometry of the outgoing thermal radi- 
ation of planetary atmospheres in terms of the vertical 
profiles of atmospheric aerosol and trace gas compo- 
nents. References 7; 4 Russian, 3 Western. 


UDC 550.388.2 


Influence of Vibrational Excitation on 
Recombination in lonospheric Plasma Exposed to 
Powerful Electromagnetic Wave 


907Q00120D Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 3, May-Jun 
90 (manuscript received 28 Dec 88) pp 413-417 


[Article by M. N. Vlasov and T. M. Izakova] 


{Abstract} When powerful electromagnetic waves pene- 
trate the ionospheric F region, a decrease in the electron 
concentration is observed in the heating region. A study 
of this phenomenon shows that when the ionospheric 
plasma is subjected to the influence of such a wave, the 
initially heated thermal electrons may effectively 
transfer energy to the vibrational degrees of molecular 
nitrogen. The formation of vibrationally excited molec- 
ular nitrogen in the region of the main ionospheric 
maximum results in an increase in the recombination 
rate and a dropoff of the electron concentration. Theo- 
retical computations made under conditions of heating 
with a powerful electromagnetic wave show that this 
effect considerably exceeds the influence of diffusional 
transport of plasma from the heated region. On the basis 
of these findings it also possible to explain the observed 
changes in emissions of unstable oxygen atoms. Figures 
2: references 18: 6 Russian, 12 Western. 


UDC 551.510.535 


Optical Observations in Active Experiments for 
Research on Earth’s Upper Atmosphere and 
Ionosphere 

90700120E Moscow KOSMICHESKIYE 
ISSLEDOWVANIYA in Russian Vol 28 No 3, May-Jun 
90 (manuscript received 27 Jun 89) pp 418-429 


[Article by G. P. Milinevskiy, Yu. A. Romanovskiy, A. 
M. Yevtushevskiy, V. A. Savchenko, V. V. Alpatov, A. 
V. Gurvich and A. I. Livshits] 


[Abstract] Active experiments were carried out during 
1983-1988 which resulted in development of a diag- 
nostic instrument complex for active experiments in 
near-Earth space. New possibilities for research with 
artificial luminescent geophysical formations (ALF) are 
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being afforded by interferometry with a high spectral 
resolution, such as the use of Fabry-Perot etalons in 
combination with highly sensitive TV apparatus. The 
processing of the interferograms yields data on the 
temperature of emitting atoms or ions and on macro- 
scopic velocity along the line of sight using the Doppler 
shift. In addition to the spatial characteristics of ALF, 
which make it possible to investigate both the rate of 
diffusion and wind speed at different altitudes in the 
ionosphere and electrical field parameters, a factor of 
great importance for interpreting experimental results is 
determination of the photometric (brightness) character- 
istics Of ALF. The final result of photometric processing 
is a determination of the concentration of the total 
number of emitting particles in a cloud, which makes it 
possible to retrieve the structure of ALF at different 
Stages in their evolution. A package of specialized data 
processing programs was run on an SM 1420 computer, 
and it used as its initial data the results of the processing 
of the ALF images on the Pericolor-2000 computer. In 
the processing the ALF image ts represented in the form 
of a system of isophots that make it possible to retrieve 
the distribution of the concentration of emitting parti- 
cles with allowance for experimental parameters and 
observation conditions and with introduction of some 
model assumptions. The problem of retrieving the dis- 
tribution of the concentration is solved most simply in 
the case of an optically thin, spherically symmetric cloud 
of scattering particles, but a method was also developed 
for determining the concentration of particles for an 
optically thin ellipsoidal cloud. The final result of pho- 
tometric processing is the construction of isopycnic lines 
on the ALF image at different moments in time. The 
developed optical diagnostic complex makes 1t possible 
to solve most scientific and practical problems in 
research on the Earth’s upper atmosphere and 1onc 

sphere. Figures 8; references 14: 9 Russian, 5 Western. 


UDC 527.591 


Analysis of Distribution of Neutral Gas in 
Halley’s Comet Determined From Results of Local 
Measurements by Vega-! Spacecraft 

907Q00120F Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 3, May-Jun 
90 (manuscript received 5 May 89) pp 459-473 


{Article by K. I. Gringauz, A. Varga, M. I. Verigin, R. 
Grard, A. A. Orayevskiy, A. P. Remizov, A. K. Richter 
and K. Szego] 


[Abstract] The Plazmag-! instrument complex carried 
aboard the Vega-! spacecraft in the vicinity of Halley’s 
comet made it possible to plot the distribution of the 
concentration of neutral cometary gas n,, along the flight 
trajectory, estimate the acceleration of cometary gas by 
solar radiation pressure, and reconstruct the three- 
dimensional distribution of neutral particles. The con- 
centration was estimated in a wide range of cometocen- 
tric distances 3 x 10°-10* km. The principal error in 
estimating n, on the basis of Plazmag data is introduced 
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by uncertainty in current knowledge of the values of the 
coefficients of secondary electron and ion emission Y, 
from the collectors used. The observed variations of the 
background current lead to uncertainty in estimating the 
characteristic ionization scale L pF 2 x 10° km. The 


observed difference in the n, distribution on the approach 
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and withdrawal segments of the Vega-! flight trajectory 1s 
attributable to solar radiation pressure. Analysis of these 
and other data made it possible to construct a model of the 
density of neutral gas in the vicinity of Halley’s comet with 
a characteristic form of the isolines resembing a dripstone. 
Figures 8; references 45: 21 Russian, 24 Western. 
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UDC 535.24:523.42 


Global Circulation of Venusian Atmosphere 


907200121 Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 3, 
May-Jun 90 (manuscript received 2 Jun 89) 
pp 451-458 


[Article by M. N. Izakov] 


[Abstract] In the Venusian lower and middle latitudes, a 
considerable part of the atmospheric rotation outpaces 
planetary rotation (superrotation phenomenon). This 
superrotation develops and is maintained as a result of 
negative viscosity, the transfer of kinetic energy from 
smaller to larger vortices, eventually leading to zonal 
flow. This phenomenon develops in a large-scale (char- 
acteristic dimensions much greater than scale height) 
two-dimensional turbulent flow generated when there is 
loss of stability of a Hadley cell forming at altitudes 
55-65 km, where the absorption of solar radiation is 
maximal. At the same time, vorticity and temperature 
inhomogeneities are transferred from larger to smalier 
vortices, ensuring the appearance of small meridional 
temperature gradients. The lower-lying layers are 
untwisted as a result of the turbulent viscosity generated 
by three-dimensional turbulence. The predominantly 
stable stratification is a result of stronger heating of the 
upper layers of the atmosphere by solar radiation. It is 
noted that several other explanations of superrotation 
have been recently published. Figures 2; references 27: 
12 Russian, 15 Western. 


UDC 523.4 


Preliminary Analysis of Venusian Tectonics and 
Evolution 


907Q0126 Moscow GEOTEKTONIKA in Russian No 3, 
May-Jun 90 (manuscript received 2 Oct 89) pp 16-27 


[Article by A. M. Nikishin, Geology Faculty, Moscow 
State University] 


[Abstract] Five stages in the evolution of Venus are 
discussed: accretion, segregation of early crust from 
magma ocean; volcanic reworking of early crust, devel- 
opment of tectonics of soft plastic plates with formation 
of tesserae in compression zones and plains in dilatation 
zones; formation of “weakened” planetary zones of 
dilatation saturated by mantle hot-spot structures 
against a backdrop of dispersed mantle hot-spot tec- 
tonics and plateau volcanism. The following subjects are 
discussed: types of structures and structural regions of 
Venus; tectonic structure of Venus and its interpretation; 
thickness and composition of Venusian crust; model of 
geological evolution of Venus; asymmetry of tectonic 
structure of Venus; reasons for the great differences in 
the tectonics of the Earth and Venus. Figures 1, 2 and 3 
show a newly compiled tectonic diagram of Venus with 
16 types of zones and structures identified, the planetary 
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system of main tectonic zones of Venus and the distri- 
bution of mantle hot-spot structures on Venus. The 
tectonics of Venus differ from those of the Earth because 
Venus was always impoverished in terms of water, a 
highly important agent of magmatism and the main fluid 
involved in the fusion of sialic rocks. Venusian volca- 
nism was therefore less intense and a sialic crust is 
largely absent. The greenhouse effect on Venus, main- 
taining a high-temperature state at the surface, causes 
increased plasticity of its lithosphere, which is why the 
lithospheres of the Earth and Venus react differently to 
similar processes in the deep layers. Venus was degassed 
and differentiated to a lesser degree than the Earth. The 
Earth has a magnetic field, and Venus does not, and 
therefore processes in the deep layers of the two planets 
greatly differ. Figures 3; references 55: 35 Russian, 20 
Western. 


UDC 523.42-83 


Homogeneous Distribution of ‘Volcanic Flows’ in 
the Northern Hemisphere of Venus 


907Q0165A Moscow ASTRONOMICHESKIY 
VESTNIK in Russian Vol 24, No 3, Jul-Sep 90 
(manuscript received 4 Jul 89, revised 19 Jan 90) 
pp 195-202 


[Article by G. A. Leykin, V. K. Vorozdin, Ye. V. Zabal- 
uyeva, V. I. Vernadskiy Institute of Geochemistry and 
Analytic Chemistry] 


[Abstract] The radar of Venera 15 and Venera 16 
detected a large number of small circular or irregular 
formations which appeared to be flowlike and of vol- 
canic origin. This article examines the question of 
whether the distribution of these features 1s random 
(homogeneous) or exhibits some distribution trend. 


The map of Venus displaying these features was divided 
into trapezoids 30 degrees of longitude and 10 degrees of 
latitude in size. Two methods were used to determine the 
distribution of the features, with subsequent statistical 
analysis of the numerical data. The first method com- 
pared the total area of the features to the area of the 
trapezoid; the second determined the number of features 
per trapezoid. Both methods yielded identical results, 
and the second was easier to implement. 


It was found that the distribution of “volcanic flows” 
was not random in the examined region of Venus. This 
inhomogeneity may be due to clustering (cluster size 
about 1000 km). It is also possible that the ‘“‘volcanic 
flows” are concentrated in the northern latitudes at 
210-300 degrees of longitude. 


However, this material is insufficient to confidently 
determine the distribution of these features, and studies 
should be done to correlate the features with morpholog- 
ical and geological features. Figures 4; tables 3; refer- 
ences 2: | Russian | Western. 
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UDC 523.4 


Spectroscopy of Small Planets: Pyroxenes on the 
Surfaces of Some Bright Asteroids 


907Q0165B Moscow ASTRONOMICHESKIY 
VESTNIK in Russian Vol 24, No 3, Jul-Sep 90 
(manuscript received 16 May 89) pp 232-243 


[Article by D. I. Shestopalov, L. F. Golybeva, D. G. 
Pogosbekov, A. A. Atai, V. Ye. Gorbanev, Shemakha 
Astrophysical Observatory, Azerbaijan SSR Academy of 
Sciences] 


[Abstract] The Shemakha Astrophysical Observatory has 
Studied ten light asteroids in the visible (400-750 nm) 
with high resolution spectra (about 2.5 nm). The purpose 
is to study the absorption bands of the crystal field of 
metal ions in the iron group to determine the chemical 
and mineral content of asteroids. These bands are weak; 
however, determination of the presence of these bands is 
needed to find achondritic material and to determine 
unambiguously the type of asteroid. This is difficult due 
to the weakness of the lines and the appearance of false 
features in the spectrum. Methods of verifying the pres- 
ence of bands are discussed. 


The presence of pyroxenes is indicated by a pair of 
absorption bands at 505 and 550 nm, and a band at 
520-539 nm. The position of the band at 505 nm 
indicates that the silicate minerals of some asteroids 
contain ferrous and calcium clinopyroxenes. There is 
ambiguity in the interpretation of bands at 400, 570, and 
640 nm due to questions on the reduction-oxidation 
potential of the mineral forming medium. These bands 
may be Cr** ions. A system of Fe** absoprion bands are 
also possible when there is a greater degree of oxidation. 
Figures 5; tables 3; references 21: 10 Russian 11 
Western. 


UDC 528.711.1(202):523.4 


Selection of Surface Regions of Earth Group 
Planets Most Promising for Research 


907Q0106 Moscow IZVESTIYA VYSSHIKH 
UCHEBNYKH ZAVEDENIY RAZDEL GEODEZIYA 
I AEROFOTOSYEMKA in Russian No 6, Nov-Dec 89 
(manuscript received 7 Apr 88) pp 100-103 


[Article by A. P. Bozhok, Candidate of Technical Sci- 
ences, N. N. Rozanov, Engineer, B. V. Krasnopevtseva, 
Candidate of Technical Sciences, K. B. Shingareva, 
Docent, Candidate of Physical and Mathematical Sci- 
ences, Kiev Order of Lenin and Order of the October 
Revolution State University imeni T. G. Shevchenko, 
Moscow Order of Lenin Institute of Engineers of 
Geodesy, Aerial Photography, and Cartography] 


[Abstract] Technological and monetary considerations 
limit large-scale planetary research on the Earth group 
planets. Determining promising surface regions for 
research should consist of a general strategy that has two 
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aspects: the study of regions with distinct anomalou: 
properties (for the planning of individual launches and 
small series of launches), and the search for new anom- 
alous regions (in planning a large series of launches). In 
determining the scale of research, terms are defined for 
the areas to be studied: an “area” [Russian: rayon], 
which is investigated by a lander or by a rover, as 
opposed to a region [Russian: region], which is larger and 
is studied from orbit. Cartographic research has proven 
to be a very effective method of study, especially in 
inaccessible areas. The stages involved in defining a 
mission are discussed, from determining the objective of 
a mission to the selection of experiments and regions for 
study. Criteria are presented for ranking prospective 
research regions. References 2 (Russian). 


UDC $21.1 


Analysis of Accuracy in Determining Orbits of 
Phobos, Earth and Mars in Phobos Project on 
Basis of Solution of Model Problem 


907Q00954 Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 2, Mar-Apr 90 
(manuscript received 15 Dec 88) pp 212-217 


[Article by S. N. Vashkovyak and N. V. Yemelyanov] 


[Abstract] In the Phobos project, the Nebesnaya 
mekhanika [Celestial Mechanics] experiment consisted 
of research on the dynamics of the solar system and 
experimental checking of a number of physical theories. 
The fundamental initial data for the experiment were to 
be measurement data collected during the operation of a 
long-lived, autonomous station on the surface of Phobos. 
The authors study the feasibility and accuracy of the 
determination of the orbital parameters of Phobos, 
Earth, and Mars, assuming a given accuracy in the 
measurement of radio signals from the station. They 
base their study on modeling of the process of differen- 
tial refining of the sought-for parameters from the mea- 
surements. The premises for the modeling of this 
problem are described in detail. The problem of the 
dependence of errors in determining the orbits of these 
bodies is examined in depth (the following key factors 
are considered: measurement interval, shift in times of 
measurements relative to the time of the Earth’s culmi- 
nation, makeup of measurements and set of determined 
parameters). The authors conclude that at equal mea- 
surement intervals, the best results are obtained with 
joint measurements of the distance between ground 
station and Mars-based station and radial velocity. Dop- 
pler measurements alone are ill-suited. For all types of 
measurements, the errors in determining orbital ele- 
ments decrease with an increase in the measurement 
interval; but with a duration of measurements greater 
than 700 days, the errors cease to decrease. Shifting the 
times of measurement relative to the Earth’s culmina- 
tion improves the potential for determining the orbital 
parameters. References 3 (Russian) 
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\cid in Venusian Atmosphere Determined 
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[Abstract] This is an overview of the 
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regarding clectromagnetic pulses detected by 


continuing debate 
Pioneer 
ihe Venera 
terrestrial light 


Venus and Venera-!! through Venera-!4 
pulses were presumed to be similar to 
ning. Pioneer Venus, on the night side of the planet 
detected no light flashes. Vert 
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he pulses om ry vell 


il profile: ealed the 


source of cloud lavet 
Furthermore. both the \ era craft and ihe 
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thousands of kilometers apart 
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indicating a global, electrically active zone. It has been 
onjectureu that the sour 
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i the discharges 1s volcanic 
ed of the OEFD 


ment, which detected the pulses on the Pioneer Venus 


activity experi 


and the nature of whistiers and their propagation 1s 


explained its findings ire interpreted lt ipport the 
stence of volcanic activil [he arguments for and 
against ilcanism on Venus are weighed, including 


hanges in the SO, content of the atmosphere, which the 
author believes 1s connected with volcanic eruption. The 
author presents arguments in tavor r tecton! activity 
on Venus—tor example, the need release heat trom 
the decay of uranium, thorium, and potassium within 
the plan possible tecton! ments revealed by Ven 
ind Venera-!16, and the two shield volcanoes in 
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generality of the opposition effect and negative polariza 
tion for the moon. The opposition peak of brightness & is 
characterized by the ratio A(12°)/A(1.2°), and was deter 
mined for two wavelengths, 0.63 and 0.42 um. Figures 3 
references 21: 18 Russian, 3 Western 


UDC §21.14/17:523.4 


Ihe Gravitational Field on the Physical Surface of 
Venus 


907Q00103B Kiev KINEMATIKA 1 FIZIKA 
NEBESNYKH TEL in Russian Vol 6 No 1, Jan-Feb 90 
manuscript received 21 Dec 88; after revision 

2 May 8&9) pp 19-27 


[Article by T. G. Maksimova, N. A. Chuykova, State 
Astronomical Institute imeni P. K. Shternberg, Moscow] 


[Abstract] In order to determine the distribution of 
gravitational potential and deflections of the vertical on 
a planet, one must choose a reference surface and a 
model of the potential of the planet 
forces. The potentials of five forces 


including external 
are considered here 
gravitational potential of the planet itself, gravitationa 
potential of the atmosphere, centrifugal potential of axia 
rotation, centrifugal-rotational potential of orbital revo 
lution, and tidal potential from the Sun. It 1s shown that 
the latter three potentials can be ignored in the calcula 
tion of the normal field. A dense atm 
Significant effect on normal gravity 


sphere can have a 
gradients, and this 1s 
considered in the calculations. A potential mode! based 
on Pioneer Venus Doppler measurements is used t 
calculate gravitational anomalies, which are charted tn 
Figures | and 
variation, elevation, and deflections from the vertical are 
1.7 em/s*, 5.7 km, and 15.6 
atmosphere serves to 
caused by great changes in elevation. Conjectures are 


offered on the internal structurs 


The range of changes 1n gravitational 


respectively. The dense 


smooth gravitational anomalies 


if the planet. Figures 3 
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references |3: 10 Russian. 3 Western 


Concise History of Expedition to Phobos 
907Q0092A Moscow PISMA | 

{ISTRONOMICHESAKIY ZHURNAL in Ru in} lf 
N 4 ipr YU (manus ript received </] lap Ui} 


nn 297.70) 


[Article by R. Z. Sagdeyev and A. V. Zakharov, Spac 
Research Institute, USSR Academy oj Sciences 
Moscow] 

[Abstract] The loss of the Fobos-2 prevented implemen 
tation of a major part of its research program. However 
during the active lifetime (almost two months) of the 
vehicle in a Martian satellit rbit. a large part of the 
scientifi program for investigaing the magnet reid 
and the plasma environment was carried out. | sion 
surveys of Phobos were made, photomett ip il and 
radiomet ! tigatior | Iho , Ma wer 
perforn re gamma-s f th 
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planet. Research was carried out on the chemical com 
position of the Martian atmosphere during entry into 
and emergence from the Martian shadow, and studied of 
the Sun and of solar activity were continued. The most 
interesting part of the expedition was never executed 
bul much information was obtained: new spectral data 
on the surface and mass of Phobos and updated ballist: 
volume of data on Mars and thet 
quality tar exceeded that of the the data 
obtained in all earlier expeditions of Soviet spacecraft to 


parameters. The 


scientiti 


Mars. Table | lists the scientific instrumentation used in 
planetary research, Table 2 gives the instrumentation for 
l ible ; lists th 


plasma research instrumentation for 


solar research, Table 4 gives th rDital parameters 


Russian. |& Western 
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Fast Variability of Cosmic Gamma Bursts 
Registered in APEX Experiment of International 
Phobos Project 

00092B Moscow PISMA | 

{STRONOMICHESKIY ZHURNAL in Russian Vol It 
\ $ Anr YO (many ript rece ed J& 2D sY 


</) 


A) 7¢ 


[Arti le by |. G. Mitrotanov, J.-l Atteia, | Barat, G 
Vedrenne 4 S Vilchinskava. V\ Sh. Dolidze 4 \ 
Dvachkov, | Jourdain, A. A. Kozlenkov, R. N 
Kucherova, L. P. Moskaleva, M. Niel, A. 8. Pozanenko 
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[Abstract] One of the principal objectives of the Soviet 


French APEX | Astrophysi il-Planet logical r peri 
j 


ment) in the Phobos project was a detailed study of th 
variability of transient sources of cosmic gamma radia 


tion (cosmic gamma bursts). The experiment was based 
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on use ta s intillati nm detector ¢ s] rl) and an et 


tronic module using microprocessor technolog' In 


recording i gamma Durst, the instrument re irded time 


profiles and spectra T he spectra we>re measured in 108 


channels from 64 keV to 9 keV in a “time-to-spill 
mode During ine period Jul IKRKX-March 1989 about 
1SO eve wel irded ch might be identifiable 
with sm gamma burst ibout ° f them were 
positivel dentified. Severa r wet i Gg ussed in 
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[Abstract] The ISM instrument, designed and con 
structed in France and used on the Phobos expedition, is 
an imaging spectrometer operating in the near-IR spec 
tral region (0.76-3.14 um). An imaging spectrometer of 
that range had never betore been used in space. The 
main obrective of the research was to investigate the 
mineralogical composition of the surfaces of Mars and 
of the Martian surface, and 
collect new data on minor atmospheric components such 


Phobos, perform altimetry 


as CO and H,O. The procedures used in each of these 
types of research are briefly discussed. Some 37,000 
spectra of Mars and Phobos were obtained. Over Mars 
observations were made from a low elliptical orbit 
(altitude, approximately 2,000 km) and a circular orbit 
(about 6,300 km altitude). Th 
tions consisted of two sessions in which the pixel projec 


elliptical-orbit observa 


tion size on the surface was 4 x 5 km and the imaged 
region was 20 x 1,600 km. The first track covered Tharsis 
and Pavonis Mons; the second, Biblis and Ulysses 
Paterae. Nine imaging sessions were performed from the 
ircular orbit (pixel projection size, 20 x 30 km). Seven 
of the 
below 20° latitude and between 20° and 180° longitude 
Some 25 percent of the area of Tharsis and Valles 


egions studied were in the western hemisphere 


Marineris was covered. A cratered region south of 
Arabia was also observed, as was an area that included 
Isidis Planitia and Syrtis Major. Observations of Phobos 
were made from an altitude of about 200 km (spatial 


1). Among the significant findings 


resolution, 0.7 km/pix¢ 
were the following. The Martian surtace exhibits great 
variations of albedo and color. A broad and strong 
absorption band in the interval 3.14 um evidently 
belongs to hydrated minerals. All the Martian spectra 
have an absorption band at about | um that apparently 
belongs to silicates containing the Fe~* 10n. Spectra of 
Phobos 


weaker than that of Mars in the region of Tharsis around 


show that its albedo 1s approximately 4 times 


Pavonis Mons and that the band tor the hydration water 
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in them is far weaker, suggesting that the surface mate- 
rial of Phobos 1s closer to type C4 carbonaceous chon- 
drites than to types Cl and C2. In the two months that 
Fobos-2 spent in near-Mars orbit, the ISM instrument 
produced not only new data concerning Mars, but also 
the first-ever spectra of Phobos at a resolution enabling 
us to determine the degree of uniformity of its surface 
Figures ., references 7: 2 Russian, 5 Western 
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[Abstract] The first-ever long-duration observations of 
the Sun in which a normal-incidence multilayer mirror 
and CCD detectors were used to record images in the 
Hell resonance line (304 angstroms) and the FelX-XI 
lines (170-180 angstroms) were made with the TEREK 
x-ray telescope aboard the Phobos-! spacecraft. The 
telescope was developed by the Physics Institute, USSR 
Academy of Sciences, in collaboration with specialists 
from Czechoslovakia. An optical diagram of the instru- 
ment 1s given and serves as a basis for a brief description 
Traditional grazing incidence optical elements were used 
for imaging in the range of 5-25 angstroms. About | 40 
X-ray images of the sun with a resolution up to 15° were 
produced in 14 observation sessions during spacecraft 
operation. The observations were made during the 
period 23 July-28 August 1988. A series of heliograms 
obtained on 26, 27, 28 August are reproduced and 
discussed in detail. The images reveal a variety of 
structures in the solar atmosphere, such as ac 
regions 
brightenings at the limb and formations above the limb 
? Russian, 5 Western 
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[Abstract] The IFIR experiment for highly precise mea- 
surement of solar brightness in three spectral intervals 
was carried out from July 1988 through January 1989 
The basis for the experiment was a 3-channel, highly 
precise photometer for measuring radiation from the 
entire solar disk; the instrument was equipped with a 
two-coordinate sun seeker in the field of vision (to 
compensate for the effects of changes in the spacecraft’s 
attitude on the photometer data) and with an electronic 
module for data conversion, control, and interface. It 
was determined that changes in the power spectrum of 
5-minute oscillations of solar brightness occur indepen- 
dently for each of the modes and have 4- to 5-hour 
amplitude bursts. In the overall behavior of the power 
spectrum lines, there are periods of quiet and active 
states. The quite states are characterized by an amplitude 
of brightness bursts 1.5 x 10°’ to 2 x 10°’ and last from 10 
hours to several days. The active states consist of solitary 
bursts or series with an amplitude 30-50 times greater 
and they last from several hours to 24 hours. The fine 
structure of the power spectrum lines was recorded, and 
the lines’ contour formation was believed to be sto- 
chastic. Figures 6; references: 7: | Russian, 6 Western 
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[Abstract] The Phobos program collected data daily on 
the intensity of the short-wave part of the spectrum of 
solar UV radiation. The measurements were made with 
the SUFR solar ultraviolet radiometer 
designed to measure the flux of solar radiation in the 
wavelength region A < 130 nm via thermoluminescencs 


which was 
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The EUV measurements were made for one hour (1825- 
1925 UT) each day by Fobos-2 when it was orbiting 
Mars, approximately 239 million kilometers from the 
Sun. A table presents observational data for five days (in 
March 1989), including data for the solar flares of 8-11 
March 1989. At the time, the spacecraft was moving in a 
circular Martian orbit approximately 9,700 km from the 
planet and 9,000-18,000 km from Phobos. Another table 
gives the dates and times of measurement of the 8-11 
March solar flares, the percentage of increase in the flux 
of UV radiation above the undisturbed level, and the 
X-radiation class and optical level of flares as they were 
observed from the Earth. The increase in UV flux 
observed from Mars on 9 March at 1930 UT took place 
in the period between the optical flare observed from 
Earth (which ended at 1840 UT) and the flare (1B) that 
began at 1923 UT. The flare recorded from Martian 
orbit on 8 March at 1830 UT was not observed from 
Earth. The twofold increase in UV intensity in the solar 
flare recorded on i0 March was believed to have been 
linked with a powerful increase in x-radiation intencity 
(X4.5). The nature of the jumps in UV intensity in the 
solar flares generally agree with earlier measurements 
performed on the Solrad-!1 and Prognoz-7 spacecraft. 
References 4: 2 Russian, 2 Western. 
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[Abstract] A brief description is given of the TER- 
MOSKAN experiment for investigating the thermophys- 
ical properties of the Martian surface with the Ter- 
moskan scanning radiometer carried aboard the Fobos-2 
spacecraft. The instrument recorded images of the Mar- 
tian surface in the thermal (8.5-12 ym) and visible and 
near-IR (0.6-0.95 ym) spectral ranges with a spatial 
resolution severalfold better than any earlier obtained 
resolution. The preliminary results of an 11 February 
1989 survey of the Martian surface from an intermediate 
elliptical orbit (at altitudes of 1150-5200 km) and a 
survey performed from a circular orbit (altitude, 6300- 
6400 km) on | March 1989 and 26 March 1989 are 
given. The best resolution at the Martian surface was 


about 300 m in the first survey and 1.8 km tn the later 
surveys. Images in the thermal and visible parts of the 
spectrum of the equatorial sectors of the Martian surface 
are given and discussed. The 26 March survey produced 
images for the first time ever of the shadow of Phobos on 
the Martian surface in the thermal spectral range. During 
all the surveys, the radiation temperatures of the surface 
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were in the range | 80-280 K; temperature contrasts were 
up to 20-30 K. The principal tasks accomplished by the 
surveys consisted of ihe following: thermal images were 
obtained for a considerable part of the Martian equato- 
rial zone with a resolution 0.3-2 km; diurnal variation of 
radiation temperature was measured; data were obtained 
on temperature gradients of closely situated relief fea- 
tures; data were obtained on surface temperature gradi- 
ents in zones where the shadow of Phobos passed; data 
were collected for estimating the thermal inertia of the 
soil. Figures 4, references 10: 4 Russian, 6 Western 


UDC 520.6;523.4 


Determination of Elemental Composition of 
Martian Rocks From Fobos-2 Spacecraft 


907Q0092H Moscow PISMA V 
ASTRONOMICHESKIY ZHURNAL in Russian Vol 16 
No 4, Apr 90 (manuscript received 13 Dec 89) 

pp 355-362 


[Article by Yu. A. Surkov, L. P. Moskaleva, V. P 
Kharyukova, S. Ye. Zaytseva, G. G. Smirnov and O. S. 
Manvelyan, Geochemistry and Analytical Chemistry 
Institute, USSR Academy of Sciences, Moscow] 


[Abstract] A multichannel scintillation y-spectrometer 
was carried aboard the Fobos-2 spacecraft for investi- 
gating the composition of Martian rocks. The instrument 
used a 100 x 100 mm CsI(Tl) detector and operated in 
the range of 0.3-10.0 MeV. After reaching Mars in 
January 1989, the spacecraft spent three weeks in a 
three-day-long elliptical orbit that brought the vehicle as 
close as 870 km from the surface and took it as far away 
as 80,000 km. The plane of the orbit was inclined |° from 
the equatorial plane. Gamma emissions were measured 
in perigee, background emissions at apogee. Measure- 
ment of the gamma emissions began when the spacecraft 
was 5,000-10,000 km from the surface, and each gamma 
spectrum was observed for 10 minutes. This paper 
reports the results of the analysis of gamma spectra 
measured at the lowest points in the orbit (in particular, 
a point designated RS-3). The composition determined 
by the Fobos craft appears to reflect a mixture of surface 
material and bedrock. The subalkaline basalt found on 
islands in the Earth’s oceans appears to be the closest 
analog to the Martian rock analyzed. Figures 4: refer- 
ences 6: 3 Russian, 3 Western 
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Observations of Electron and lon Fluxes Near 
Mars With KhARP Spectrometer on Fobos-2 
Spacecraft 
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Research Institute, USSR Academy of Sciences, 
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{Abstract} The preliminary results of electron- and ion- 
flux measurements made in the vicinity of Mars on | 
February and 5 February 1989 with the KhARP energy 
spectrometer on the Fobos-2 vehicle in its first and 
second elliptical orbits are given. The KhARP differen- 
tial hyperbolic analyzer made it possible to measure 
charged particles with E/g of 0.2-800 eV in antisolar 
half-space. The energy and anglular distributions of 
electrons were measured within a solid angle of 160° x 
20° x 10° in eight fixed directions. The results reported 
here pertain mainly to electrons. It was found that in the 
transitional layer of the magnetosphere the energy dis 
tributions have two distinct maxima. Similar spectra 
were also observed in the plasma sheet in the areomag- 
netic tail. Measurements of the electron energy spectra 
along the orbit show that sharp variations in type of 
distribution are found at the intersections of shock wave 
magnetopause, and plasma sheet, the boundaries of 
which coincide with measurement data published by 
Rosenbauer ef al. (PISMA V ASTRON. ZHURN., 1990 
Vol 16, No 4, p 368). The physical mechanisms respon 
sible for the acceleration of electrons behind the shock 
wave front and for the appcarance of energy distribu 
tions with two maxima are still unknown, but it 1s 
expected that the problem will be solved by comparison 
with data from other Fobos plasma and magnetic obser- 
vations and other data. Figures 3; references 5: 2 Rus- 
sian, 3 Western 
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Initial Results of Measurements of Ions of 
Martian Origin and Detection of Plasma Sheet in 
Martian Magnetosphere From Data of TAUS 
Experiment Aboard Fobos-2 Spacecraft 
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[Abstract] The TAUS instrument aboard the Fobos-2 
was used to make detailed measurements of energy and 
angular spectra of ions arriving from the Sun while the 
spacecraft was in its Martian satellite orbit; the measure 
ments were made within a solid angle 40° x 40° toward 
the Sun. The measurements confirmed results obtained 


, 


earlier by the Mars-2, -3, and -5 spacecraft, and they were 
the first plasma measurements made deep in the optical! 
of the planet (there had been never been any 


shack a", 
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mass-spectrometry of tons in near-Mars space). The the 
Martian magnetosphere was found to be filled, to a large 
extent, with fluxes of heavy ions emanating from the 
planetary atmosphere; a plasma layer that also, for the 
most part, consists of heavy ions was discovered in the 
areomagnetic tail. The flux of planetary ions escaping 
from Mars through the areomagnetic tail is, according 
the preliminary estimates, 0.5 x 10°° s' to 2.x 10°? s'! 
Figures 4; references 12: 3 Russian, 9 Western 
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{Abstract} The objectives of the Phobos TV experiment 
were (1) to survey Phobos from circular and quasisyr 

chronous orbits for a global view of the surface of Phobos 
and for more precise determination of its orbital motion 
for routine solution of navigational problems and (2) to 
survey Phobos with a centimeter resolution while the 
spacecraft was in a gliding drift 50 m above its surface 
The Fregat videospectrometer complex was developed 
for this purpose by Soviet, Bulgarian and East German 
specialists. The unit included a three-channel TV 
camera, a spectrometer, and |.5 Gbit video memory (a 
limited amount of video data could also be stored in the 
Morion memory). The TV camera had two short-focus 
channels and one long-focus channel, with angular reso 
lutions of 3.3 x 4.5 and 0.62 x 0.83 minutes of ar 

CCD matrices with two sections, for 
with working dimensions of 288 x 


respectively 
storage and memory 
505 pixels were used as the radiation detectors in the T\ 
camera and the spectrometer. Because of the early 


demise of the Fobos spacecraft, however, [V images of 
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Phobos were obtained from distances of 200-1100 km 
only, a total of 37 images of Phobos (some with Mars in 
the background) were obtained, with a time interval of | 


minute 20 seconds between images and 15-30 minutes 


between series. These images supplement TV inforina 
tion from the Mariner 9 and Viking spacecraft with 
respect to coverage of the surface of Phobos and resolu 
t1on in some regions, as well as spectral range and phase 
angle interval. The images will make it possible to detins 
more precisely the shape of Phobos, to refine the topo 
graphic and geological maps of the surface of Phobos 
and to determine in greater detail its spectral and angular 
reflective characteristics, surface composition and tex 
ture, librational motions, and center of mass. Figures 4 
references 19: 3 Russian, 16 Western 
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[Abstract] The Fobos-2 carried the combined 

channel KRFM instrument, consisting of a rad 

with a resolution of 30 minutes of arc for measuring 
thermal radiation in the range 6-50 um and a photon 
eter with an angular resolution of 15 minutes of ar 
photometer had nine subranges in the spectral interval of 
0.32-0.6 um. For two months, this instrument was used 


}, 
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for investigation of Mars from orbit. During the last days 
of its lifetime, observations were made of Phobos trom a 
distance of 190 km. The velocity of the vehicle relative to 
Phobos was 43 m/s, and for approximately 420 seconds, 
a path was investigated at approximately -4°.5 latitude 
from 140 to 260° W long. A second pass was made along 
5 latitude from 197 to 229° W long. Preliminary data 
are given on the profiles of brightness temperature along 
both paths. Estimates of the reflective properties are 
given. These data show that the surface is not uniform in 
its thermal and spectral reflective characteristics. This 1s 
the first direct evidence of nonuniformities in the struc 
ture and composition of primary celestial bodies in the 
solar system. Figures 4; references: 7 Western 
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[Abstract] Until recently, the value of the gravitational 
constant of Phobos was determined by various authors 
on the basis of Viking data. Their estimates, however 
varied widely. A new, more precise value of this param- 
‘ter has now been found on the basis of trajectory 
tracking of Fobos-2 during its prolonged presence close 
to Phobos. The sources of possible errors are analyzed 
[he new value of the gravitational constant 1s (7.22+ 
0.05) x 10° km’/s*, which corresponds to a mass of 
(1.08+/-0.01) x 10'° g for the moon. The initial data used 
ind the assumptions made in the pertinent calculations 
for arriving at these values are given. Figures 2; refer 


ences ! Russian, 2 Western 
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Cosmonaut Arzamazov Interviewed on Role of 
Physician-Biochemist in Spaceflight 
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(Interview with Doctor German Semenovich Arzamazov 
by RABOCHAYA TRIBUNA correspondent A 
Fedorov, under the rubric “Today Is Space Program 
Day”: “One Who Has Not Yet Gone Up...: Doctor 
German Arzamazov Responds to RABOCHAYA TRI- 
BUNA’s Questions”; first four paragraphs are source 
introduction] 


{Text} The automatic landing system failed dusing the 
reentry. “We're going to land manually,” the com- 
mander’'s transmission to the ground said, but the Flight 
Control Center did not answer—the spacecraft had 
already entered the atmosphere’s dense layers. 


The capsule fell on the cold sand of the desert in the night. 
But during the daytime, the heat here will be in the 
neighborhood of about 50°, thought the flight engineer as 
he looked doubtfully at several canisters of stored water 
from the emergency rescue kit. The navigation lights of a 
I'U-154 passed overhead, high in the sky. Was it on the 
way to Ashkhabad? To Mary? To Kabul? 


[hey set to work: they unpacked the radio set and 
pressed the transmit button. Not a sound. From the 
radio beacon, silence. The set was dead. They recalled 
what they had been taught during their years of training 
They took off their space suits until they were in just 
their underwear—it would be easier to tolerate the heat 
that way. Then they adjusted the parachute canopy—the 
lightweight fabric protected them from the scorching 
rays. There was only one thing left for them to do—wait 
for help and try to survive 


I won't toy with the curiosity of the readers any further 
[he ending of this story, which really took place, is a 
happy one: the cosmonauts were “found” after three 
days, and they were alive and healthy, although it 1s true 
that by then they had each lost 5 kilograms of weight. It 
was no accident that I put the word found in quotation 
marks—the situation was simulated from beginning to 
end by the specialists from the Biomedical Problems 
Institute, and the three days of total isolation in the 
desert 1s a form of unique survival training for space 
flight candidates. And one of those “Robinson Crusoes’ 
was the space doctor, German Arzamazov, whom I’m 
interviewing today 


(Fedorov] German Semenovich, it 1s likely that, if one 
collected all the publications on space which have come 
out over the last 3C plus years, all the books and 
magazines—the result would be an impressive library 
But, it seems to me that one shelf would still be empty 
there— the story about the backup crews who didn't go 
aloft and the individuals who didn’t become cosmo 
nauts. For a long time, new space launches were reported 
after the fact,” and the research programs were reported 
only if their were successful. Now, it seems, those times 
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have passed, but, as before, we know very little about 
those who are being trained to take a place in a space 
craft. All the same, | would like to hear answers to 
questions about who they are and what they are doing, 
why they want to go up into space and how they view the 
prospects for its development. That is precisely why | 
invited you to talk with me—since you are a cosmonaut 
who hasn’t been aloft yet. My first question is the 
traditional one: who are you? 


{[Arzamazov] To be brief, like a newspaper report, this 1s 
it: 1am 44 years old and was born into a teacher’s family 
in Gorky Oblast. My parents died early, and my grand 
mother raised me. | completed medical school, served in 
the army and then entered the First Moscow Medical 
Institute. After finishing there, I studied in the graduate 
program of the USSR Ministry of Health's Biomedical 
Problems Institute, to which I was then assigned. | work 
there to this day, and I am a physician-biochemist by 
profession. I have been in the cosmonaut corps since 
1976, and I was the backup crewmember for Doctor \ 
Polyakov. I’m married and have two children 
[Fedorov] A physician-cosmonaut—that sounds quite 
unusual 


{[Arzamazov] Yes, it is, when you consider the fact that 
over three decades, only three doctors in all have gone 
into space aboard Soviet spacecraft—B. Yegorov, © 
Atkov and V. Polyakov. At the dawn of space research 
medicine was faced with the question: can a person live 
at all under the conditions of weightlessness—can he 
breathe, take food and maintain his coordination and 
efficiency? Then, when it was established that long 
duration flights were possible, different questions began 
to be asked: but how ts he to live there, what 1s best to 
eat, and what should be done in order to reduce to a 
minimum the undesirable impact of outer space? We are 
used to the idea that a healthy individual doesn't need a 
doctor. | would venture to assert that, in space, everyone 
needs a doctor 


[Fedorov] Previously, a favorite phrase in official reports 
about missions was “Everything is proceeding normal! 
and the cosmonauts feel fine.” Today, we state: two 
“were brought down” from orbit ahead of schedule 
because of illness, two died on the ground and four died 
during the landing. Which means, space ts not such a 
harmless thing? 


[Arzamazov] We can accurately calculate the parameters 
of any kind of piece of tron, we can compute its volume 
weight and material composition. But a person? No 
doctor in the world has yet been able to get to know a 
person completely. It 1s true that space does not like 
jokes. Indeed, even medicines and the ordinary tablets 
made on the ground, have a much stronger effect on 
many cosmonauts when they 
medicine cabinet 


come out of the onboard 
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[Fedorov] It is likely that each candidate has an indi- 
vidual program—what he would most like to do there on 
the station. Could you tell me something about your own 
program? 


| Arzamazov] First of all, care for the crew’s health. After 
all, problems from time to time come up even during 
takeoff: some individuals begin to feel apathy, while 
others have vestibular system disorders. In space, every- 
thing is not as simple as it seems at first glance. That is 
precisely why I constantly work to improve my skills as 
a practitioner: | work in clinics, I perform operations. A 
doctor 1s also obligated to create a psychologically com- 
fortable atmosphere for his crew, and he must be able to 
cheer them up and maintain morale—after all, that’s also 
very important. And, in general, I see a lot of interesting 
work still to be done there. I will begin with my own 
field—biochemistry. We don’t have that much informa- 
tion at present about the changes which occur in the 
body—for example, details about the water-salt metab- 
olism, the functioning of the kidneys, and the potassium 
metabolism tn cells. 


|Fedorov] These days, when we talk about space, we 
allude to such concepts as cost accounting, profit, the 


cost recovery of missions, and the practical benefit of 


those missions... 


{(Arzamazov] All that is correct, but there 1s also still 
basic research, from which it is difficult to expect an 
instantaneous return expressed in rubles and in hard 
currency. We are acquiring knowledge and, in return, we 
are making the most of the experience. For example, 
space medicine has given serious impetus to the devel- 
opment of physiology. I would even call it a revival. We 
have again begun to study the normal healthy person 
Isn't that a plus? And there’s more. The time ts just over 
the horizon when people will fly to the Moon and to 
Mars and will build factories in orbit. Indeed, we dociors 
need to learn how to practice medicine in space. I[t will 
also likely be necessary to perform operations and treat 
people and, perhaps, even deliver babies. We need to 
start with little things, but we need to start now. And, 
finally, one last thing: it seems to me that one of the 
American astronaut-doctors said that a week on the 
Shuttle gave him more knowledge about space medicine 
than years of studies on the ground. Certainly, most 
specialists can only dream about such an assignment 


{Fedorov} I understand you quite well. I’m also trying for 
that, and I took part in the jounralists’ space competi- 
tion. I hope this dream of mine comes true. But let me 
knock on wood three times and ask the following ques- 
tion: what will happen if you never get to go up into into 
space’ 
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[Arzamazov] Someone else no less worthy, no less com- 
petent, will go up. Maybe it will be one of my com- 
rades—doctors Lena Dobrokvashina, Aleksandr Boro- 
din, or Boris Morukov. It wouldn’t be a tragedy for me, 
because I have interesting work on the ground, too, and 
because the corps and the training in it have given me an 
awful lot already. I feel truly sorry for those who bet 
everything on one card—their desire to go up into 
space—and lose. Just what does a flight represent in the 
big picture? A bright episode in life, a stroke of luck. As 
long as the space program places such high requirements 
on the training of candidates and their health, a flights 
into space will be a rarity. /.ad that 1s why I will calmly 
thank my instructors, the doctors, the experts and my 
fellow cosmonauts. But I'd still like to go up, of course. 


[Fedorov] Well, I wish you luck trom the bottom of my 
heart and congratulate you on the holiday. 


[Arzamazov] Thanks, and the same to you. 


Soviet-Canadian Meeting on Space Biology 


LDOS11064790 Moscow TASS tn English 0629 GM1 
5 Nov 90 


{By TASS correspondent Valentin Vasilets] 


[Text] Ottawa November 5 TASS—Mutual benefits of 
cooperation and good prospects for its development 
were pointed out by participants in the first meeting of 
the Soviet-Canadian working group on space biology and 
medicine. 


The results of two joint experiments on the Soviet 
biology satellite Cosmos-2044 last year were summed up 
for the session which was held in Ottawa and Montreal 
from October 30 to November $5. 


The Soviet delegation acquainted the Canadians with a 
program for research by means of yet another biosatellite 
which is to be launched next year and invited the 
Canadians to participate in the program. 


The two countries’ scientists decided to concentrate their 


joint efforts on four areas of space biology and medicine: 


neurovestibular physiology, metabolism, radiation 
dosimetry, and gravitational biology. 


The working group’s two co-chairmen—Cosmonaut Val- 
erly Polyakov, deputy director of the Institute of Med- 
ico-Biological Problems, and Allan Mortimer, head of 
the Biology and Medicine Department of the Canadian 
Space agency—regard the research in these problem 
areas as extremely important for preparing space flights 
that would last for years 
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‘Zenit’ Booster Launch Failure 4 Oct 


907Q0003a Moscow IZVESTIYA in Russian 
ll Oct 90 p 3 


[TASS Report: “At the Baykonur Cosmodrome” 


[Text] Flight Control Center, 11 Oct (TASS). On 4 
October 1990, a “Zenit” booster rocket, used to orbit 
artificial earth satellites, was being launched at the 
Baykonur cosmodrome. The rocket was destroyed 
during the initial seconds of its flight. There was damage 
to one of the two launch pads of the launch complex. No 
personnel were injured. A commission of specialists 1s 
investigating the causes of the accident. 


UDC 629.7 


Optimal Reorientation of Spacecraft in ‘Rocking’ 
Mode With Engines With Unequal Moment Arms 


907Q00096B Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 2, Mar-Apr 90 
(manuscript received 10 Oct 88) pp 198-202 


[Article by I. V. loslovich] 


[Abstract] The problem of optimal reorientation of a 
spacecraft with the “rocking” mode was defined and 
solved by the author in an earlier study (KOSMICH 
ISSLED., Vol 24, No 3, p 376, 1986). In that problem 
the spacecraft was regarded as a solid body having an 
initial rotation about a main central axis of inertia. The 
attitude control system includes pairs of jet engines 
generating controlling moments in both directions about 
the main axes. The rocking, which is a version of 
zero-overshoot response, is effected by alternately actu 
ating controlling moments perpendicular to the initial 
stationary rotation at moments of half turns of preces- 
sional rotation. The problem has now been solved with 
the most general assumptions concerning the range of 
input constants and initial conditions. The so-called 
passive integrals method (K. G. Grigoryey, et al., “Prob 
lems in Optimal Control of Cyclic Processes,” IZV. AN 
SSSR: TEKHN. KIBERNETIKA, No 4, p 38, 1984) 1s 
used to generalize the solution for engines with unequal 
moment arms. The author points out that the pair of 
engines used for boost does not necessarily expend the 
same quantity of mass per increment of unit angular 
velocity as does the pair of engines used for braking 
That situation comes about when, for technical reasons, 
those pairs of engines have moment arms of differing 
magnitude. The author constructs an optimal synthesis 
procedure that 1s converted into the solution he pro- 
duced in his earlier work. Figures 2 
Russian 


references: 10 
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UDC 629.19] 


Stability of Motion of Maneuvering Elastic 
Spacecraft 


907Q00096C Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 2, Mar-Apr 90 
(manuscript received 10 May 88) pp 203-211 


[Article by Ye. M. Potapenko] 


[Abstract] Simple methods were developed for analysis 
of stability of motion of an elastic spacecraft executing 
major spatial maneuvers without restriction on the 
number of tones of elastic oscillations taken into 
account. The formulation and proof of the theorems 
employed in this study do not change if the operation of 
the spacecraft sensors and regulators is described by 
equations differing from those used in this article; nor do 
they depend on whether controllable or uncontrollable 
rotors and gyroscopes are installed in the spacecraft 
body. The stability criteria formulated in the article do 
not require a knowledge of the dynamic characteristics of 
a spacecraft that allow for its elasticity, or they require a 
minimal knowledge only. The demonstrated theorems 
reduce the problem of investigating the stability of a 
distributed system to a problem that does not require 
allowance for elasticity, which substantially simplifies 
the problem. Any system synthesized on the basis of the 
presented theorems will be stable relative to the space- 
craft parameters characterizing its elasticity. References 
9: 7 Russian, 2 Western. 


UDC 531.381 


System for Controlling the Attitude of Deformable 
Spacecraft With Dynamic Filter 

907001234 Moscow KOSMICHESKIYE 
ISSLEDOVANTYA in Russian Vol 28 No 3, 

May-Jun 90 (manuscript received 9 Jun 88) pp 329-335 


(Article by G. Ya. Ledenev] 


[Abstract] Increasing the dimensions of a spacecraft 
while simultaneously decreasing the weight of its struc- 
tural elements and the inflight creation of complexes that 
are more or less docked with the spacecraft leads to 
diminution of structural rigidity. Attitude control for 
such facilities 1s complex. Since the attitude-control 
sensors are located on the spacecraft itself and, under 
certain conditions, the amplitude of the angular velocity 
and angular deviation of the spacecraft as a deformable 
body can grow in an unlimited fashion, sometimes 
control switching 1s determined exclusively by the coor 
dinates of elastic oscillations, which leads to loss of 
stability. The inadequacy of the known methods for 
attenuating the influence of elastic oscillations led the 
researcher to seek out adequate conditions for stable 
control when a deformable spacecraft with a dynamic 
filler is exposed to the influence of slowly changing 
perturbations. With virtually no distortion, the dynamic 
filter examined transmits a useful signal, considerably 
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attenuates the signal of elastic oscillations and excludes the 
influence of a slowly changing perturbation on attitude- 
control precision. Expressions are derived which make it 
possible to select the parameters of a dynamic filter that 
provides stability to the attitude-control system of the 
spacecraft. The satisfaction of stability conditions at the 
minimal possible frequency of elastic oscillations ensures 
their satisfaction at all other frequencies as a result of a 
sharp suppression of the signal of elastic oscillations at 
higher frequencies. Attainment of stable control does not 
require complete a priori information on the external per- 


turbations of a spacecraft and the frequency spectrum of 


elastic oscillations. Figures 3; references 7 (Russian). 
UDC 629 


Optimal Algorithms for Limitations on State of 
Space Vehicle With Relay End Effectors 


907Q00123B Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 3, May-Jun 
90 (manuscript received 15 Feb 89) pp 336-345 


[Article by N. Ye. Zubov] 


[Abstract] Optimal and quasioptimal algorithms for multi- 
parameter limitations on the state of a spacecraft with relay 
end effectors are written on the basis of a predictive mode! 
The groundwork for this work was a study by V. N. Bukov 
and N. Ye. Zubov (“Relay Control on Basis of Algorithm 
With Predictive Model” in AVTOMATIKA I TELE- 
MEKHANIKA, No 6, pp 36-42, 1986). Application of the 
algorithms 1s illustrated in several examples. The algorithms 
make it possible to reduce the number of computation 
operations by decreasing the dimensionality of the control 
vector used in the computations and by simplifying the 


control computation procedure by means of integration of 


the equations which are provided in this article. In the first 
example, the volume of computation work was reduced by a 


factor of 8.2 as a result of the decreased dimensionality of 


the control vector and the simplification of the computation 
procedure, whereas in the second example, computation 
expenditures were reduced by only a factor of |.3, exclu- 
sively the result of a simplification of the computation 
procedure. Figures 4; references 5 (Russian). 


UDC 629.78 


Hydraulic Channel Dampers of Nutational 
Oscillations 

907Q00123C Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 3, May-Jun 
90 (manuscript received 23 Feb 89) pp 346-351 


[Article by A. Yu. Kogan] 
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[Abstract] Dampers of mechanical oscillations are usually 
incorporated in passive spacecraft attiiude-control systems. 
Most proposed designs have two properties that make them 
unsuitable for precision attitude-control systems: a zone of 
insensitivity and variability of spacecraft centering and in 
its inertia tensor as a result of the displacement of damper 
mass. A hydraulic channel damper (a closed tube filled with 
a viscous fluid) is free of these shortcomings, and there is 
free choice in selecting its geometry. Numerical simulation 
of the motion of a spacecraft with such a damper involves 
integration of a system of ordinary differential equations of 
spacecraft rotation and equations in partial derivatives 
describing fluid motion. Solution of this problem involves 
considerable difficulties. However, if the fluid mass 1s small, 
the dynamic equations can be solved by the successive 
approximations method. This problem is solved with solu- 
tions correct for any Reynolds number. Formulas are given 
for the parameters of a flywheel damper equivalent to it. 
Figure |; references: 4 Western. 


UDC 531.28 


Field of Applicability of Gyroscope-Powered Systems 


907Q0123D Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 3, May-Jun 
90 (manuscript received 30 Jan 89) pp 352-359 


[Article by V. P. Legostayev and Ye. N. Tokar] 


[Abstract] The range of applicability of spatial gyrodyne 
systems is examined for gyroscope-powered stabilizers with 
constant-velocity rotors. The article constitutes a continua- 
tion of primarily the extensive previous work of the Ye. N 
Tokar along these lines (KOSMICH. ISSLED., Vol 16, No |, 
pp 22-30, No 2, pp 179-187, No 4, pp 505-513, No 5, pp 
675-685, 1978; Vol 18, No 2, pp 147-156, No 3, pp 307-315, 
1980; Vol 19, No 3, pp 346-358, No 6, pp 813-822, 1981; 
Vol 27, No 3, p 368, No 6, 1989). The dependence of the 
principal parameters of gyrodyne attitude-control systems 
on the mass of orbital stations and the form of their central 
ellipsoids of inertia is analyzed. The problem of matching of 
the parameters of the stations and the gyrodyne systems 
controlling them is discussed. The parameters of spatial 
gyrodyne systems necessary for control of orbital stations 
with different characteristic dimensions and masses 
ensuring these stations identical maneuverability are con- 
sidered. On the basis of these results the limits of applica- 
bility of such systems are given for large orbital structures. 
Figures 2; references |2 (Russian). 
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UDC $31.36 


Precision of Stabilization of Orbital Station by 
Gyrodyne System 

907Q0123E Moscow KOSMICHESKIYE 
ISSLEDOVANIYA in Russian Vol 28 No 3, May-Jun 
90 (manuscript received 29 Jun 89) pp 360-365 


[Article by N. N. Sheremetyevskiy, D. M. Veynberg and 
V. P. Vereshchagin] 


[Abstract] In the control of the angular position of a 
spacecraft, extensive use is made of electromechanical 
systems which ensure highly accurate pointing, with 
virtually no fuel expenditure. The construction of math- 
ematical models of these systems is highly important in 
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solving the pointing accuracy problem. The mathemat- 
ical model of a powerful gyroscope-gyrodyne examined 
in this study is used in both the ground-based preflight 
development of the system and in inflight analysis of 
different pointing modes of the Mir orbital complex. The 
model is made more precise and is represented in the 
form of a system of simple differential and algebraic 
equations correctly reflecting the dynamics of the gyro- 
dynes. On the basis of variation of some parameters of 
the model, ways to improve gyrodynes are considered 
which make it possible to increase system accuracy as a 
whole. Using the presented digital model and appro- 
priate correction of the parameters of the main gyrodyne 
components, the pointing accuracy can be increased 
from | minute of arc to several seconds of arc. Figures 4: 
references 4: 2 Russian, 2 Western. 
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Satellite Geodesy and Earthquake Prediction 
907200115 Moscow ZEMLYA I VSELENNAYA 
in Russian No 3, May-Jun 90 pp 13-19 


{Article by Doctor of Technical Sciences M. T. Prilepin, 
Earth Physics Institute imeni O. Yu. Shmidt, USSR 
Academy of Sciences; first paragraph is source introduc- 
tion] 


[Text] Motions and deformations of the earth’s crust that 
may provide warning of impending seismic events have 
been studied for many years in geodynamic test areas by 
geodesists of anumber of countries. However, the methods 
of ground-based geodesy are often extremely limited, and 
they do not yield enough observational material for earth- 
quake prediction. Scientists are now laying high hopes on 
satellite geodesy. Satellite measurements make it possible 
to obtain information on deformation of the earth’s crust 


over enormous territories within relatively short periods of 


time, with much greater accuracy than ts achieved with 
ground-hased methods 


The Role of Geodesy in the Forecast Problem 


In the current views of geologists and geophysicists, the 
earth’s lithosphere consists of tectonic plates of various 
classes—from plates as large as continents to blocks as 
small as dozens of kilometers across. Thermal anomalies 
and density inhomogeneities in the Earth’s interior serve 
as the primary “action centers”’ that cause the movement 
of the plates. They can occur only in relatively narrow, 
weakened zones—faults. As they move, plates may 
“catch” on each other, as a result of which deformations 
occur in the upper, rigid parts of the plates, and internal 
stresses begin to build up. When the stresses exceed the 
ultimate strength of the rock, the edges of the faults 
suddenly slip against each other. As a result, seismic 
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energy is released—it is what is perceived as an earth- 
quake (the critical stresses at which earthquakes occur in 
the earth’s crust correspond to relative deformations of 
(1-5) x 10°*). The relative displacement of the sides of 
faults are quite substantial in destructive earthquakes. 
For example, in the Spitak earthquake, vertical displace- 
ment of the sides of the fault reached 2 m, while 
horizontal displacements reached 1.5 m. 


Many geologists and geophysicists feel that the overall 
tectonic situation in the earthquake regions of Central 
Asia 1s associated with collisions of two lithospheric 
plates—the Indo-Australian and the Euro-Asian. We 
should note that the Spitak earthquake zone is also a 
region of interaction between the Arabian and Euro- 
Asian plates. Clearly, we must be able to directly mea- 
sure the movements of tectonic plates and blocks of all 
classes in relation to one another. Such measurements 
are made by geodetic methods because those very 
methods possess the needed precision to record small 
displacemenis of the earth’s surface. 


In our country, the first geodetic studies having the 
purpose of earthquake prediction began back in 1946. At 
that time, in the vicinity of Garm, in Tajikistan, the first 
geodetic network was developed (for triangulation and 
leveling), tying-in the Pamir and Tien Shan systems. 
Such work is also being done today in many of the 
USSR’s geodynamic test areas (there are more than 50 of 
them). The principal method of studying horizontal 
displacements is trilateration. Unlike triangulation, tri- 
lateration determines terrain coordinates by using 
ground-based laser rangefinders to measure the length of 
the sides of triangles (ZEMLYA I VSELENNAYA, No 5, 
1979, p 70.—Ed.), rather than their angles. Vertical 
displacements are measured by geometric leveling. 
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Curves showing change in the difference between the heights of two points before and after an earthquake, 
determined by means of geometric leveling (Garm test area, Tajik SSR). The moments at which the earthquakes hit 
are indicated by arrows; the magnitudes of the earthquakes and their dates are indicated as well. The nature of 
changes in the height difference in these three cases may be viewed as a predictive sign of a seismic event 
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Geodetic methods of studying movements of the Earth’s 
crust to assess seimic hazard are being used in Japan 
(essentially all of this country’s territory is a single 
geodynamic test area, with a dense network of triangu- 
lation, trilateration and leveling points), in the United 
States along the San Andreas Fault and in Alaska, and in 
China. 


What Do Space Methods Provide? 


Of course, the methods of classical geodesy are suitable 
only for small test areas, and observations must be 
repeated very frequently. Moreover, this work is 
extremely expensive, it cannot be done in many places, 
and it depends heavily on meteorological conditions. 
And most important, it is often unsatisfactory in terms 
of accuracy. Specialists, naturally, have turned their eyes 
to space methods, which can be used to study the 
movements and deformations of the Earth’s crust over 
enormous areas—over tectonic plates and blocks of the 
largest classes. 


It must be said that American specialists are ahead in 
this research—they have been conducting specific preci- 
sion measurements of displacements of the principal 
tectonic plates for over a decade already. And they are 
using two methods—satellite laser rangefinding (Lageos 
satellites with reflecting prisms) and very long baseline 
interferometry (extragalactic radio sources are used). The 
first method can be used to determine absolute rates of 
movement of plates on which laser rangefinders are 
placed and relative rates (changes in the length of a line 
connecting observation points, and components of coor- 
dinate axes). Relative rates of plate displacement are 
determined by this method today with a precision of 
0.3-1.0 cm/year (the plates themselves move at a rate of 
up to 10 centimeters a year). In the meantime, the 
absolute rates of movement of plates are estimated at 
values that are 100 times less precise. 


The method of very long baseline interferometry makes 
it possible to determine only relative rates; the level of 
precision of the results is approximately the same as with 
laser measurements. 


A rather large number of determinations of the rates of 
movement of lithospheric plates have been made by both 
methods within the framework of NASA’s scientific 
project “Dynamics of the Earth’s Crust’’ and the 
Wegener project consisting of a consortium of European 
geophysicists. But it is premature to discuss these results 
in detail, inasmuch as the time interval for which pro- 
cessed information exists is less than five years (1979- 
1984). The African plate has not yet been “tied in,” and 
specific measurements have not yet been made of the 
rates of displacements of the Indian and Euro-Asian 
plates where they contact and of the movements of the 
Arabian plate relative to the Euro-Asian plate (all of 
which is of extreme interest to scientists). Precisely 
determined absolute rates of at least some of the plates 
would be of exceptional importance. 
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All ot that has yet to be done, but it is already clear today 
that development of the methods of satellite geodesy 
provides scientists with a unique opportunity for 
studying deformation of the Earth’s lithosphere on a 
global scale and for analyzing those deformations with a 
precision previously unavailable—10°-10°? However, 
we should note that the apparatus used in both methods 
is still rather cumbersome, even in its mobile and trans- 
portable forms, and it is expensive. That means that it 
cannot be used very widely. Which is why thought is 
being given to global satellite systems containing highly 
automated ground stations for receiving satellite signals 
as the principal means of studying deformations and 
mutual displacements of blocks of the Earth’s crust, and 
especially for monitoring deformations—continuous 
tracking of deformations for the purpose of obtaining 
data for predicting earthquakes. 


A ’Constellation’ of Satellites 


Precise satellite navigation systems began to be devel- 
oped back in the late 1960s and early 1970s. Several of 
them are known today. A unique constellation of artifi- 
cial Earth satellites—bearers of precision time and spa- 
tial coordinates that are transmitted by radio link to 
Earth—is being created in near-Earth space. Among such 
systems we can name America’s NAVSTAR, the Soviet 
GLONASS, the European space agency’s NAVSAT, and 
West Germany’s GRANASS (abbreviations of the same 
name, “Global Navigation Satellite System’). The 
Soviet and American systems are currently functioning 
in an experimental phase, while the latter two exist only 
on the drawing boards. The NAVSTAR system will 
include 24 satellites (21 working and 3 backup), and the 
GLONASS system will have the same number of satel- 
lites, with the same ratio of working satellites to backup. 


Complete deployment of the system 1s slated for 1992 for 
the NAVSTAR system and 1995 for the GLONASS 
system. In addition to specialists in navigation, many 
geodetic, geological and geophysical organizations were 
enlisted in the development of the American NAVSTAR 
system in the early research stages. Today, for that 
system, a number of companies are manufacturing pre- 
cision receivers that have already undergone field trials. 
Original methods have been developed for measuring 
deformations of the Earth’s surface, the software has 
been prepared, a number of geodetic production projects 
have been completed, and studies of the deformation of 
the Earth’s crust are under way (United States, Japan, 
and China) 


As for the Soviet GLONASS navigation system, geode- 
sists and geophysicists have yet to complete a certain 
stage of its development. And the greatest difficulties 
here are those of organizing industrial manufacture of 
precision geodetic ground receivers. The technical capa- 
bilities for manufacturing receivers capable of receiving 
signals from satellites of both systems have already 
appeared. More than 10 satellites of the GLONASS 
system have been placed into orbit thus far. Coded 
signals that modulate a high carrier frequency produced 
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Space complexes of the (a) NAVSTAR and (b) GLONASS 
navigation systems. Satellites of the NAVSTAR system 
move in six planes, those of the GLONASS system move 
in three. The circular orbits of satellites of both systems 
have altitudes of 20,000 km and 19,100 km, respectively, 

and orbital inclinations of 55° and 64.8 
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with the carriers. For that, modulation is initially 
“erased in the receiver, and the difference between the 
phases of the carrier frequency coming trom the satellite 
and the trequency produced by the receiver generator 1s 
recorded on magnetic tape. In one series, the satellite ts 
tracked for U.5-3.5, hours depending on the orbit 


In the experience of American geodesists, when se\ 
eral series Of measurements are taken with two carrie! 
frequencies of 16! and 1200 MHz (the second 
frequency makes it possible to determine the actual 
velocity of propagation of the radio signal in the 
ionosphere), the absolute coordinates of a point can 
now be determined with an accuracy of 3-5 m. On the 
other hand, relative coordinates are determined with 
accuracy not worse than 0.5-1.5 cm at distances of 
5-15 km between points. Consequently, global satel 
lite navigation systems can already be used for broad 
scale studies of deformations of the Earth's crust. and 
they can be used much more effectively than can 
ground method 


Monitoring Deformations of the Earth's Crust 


Calculations by seismologists and field observations by 
geocesists show that intraplate deformations outside a 
zone in which earthquakes are preparing to happen are 
lO’-10° (i mm per 100 km). Within the foci, on the 
other hand, befor the seismic shocks occur, deforma 
lions grow strongly, and just prior to an earthquake they 
may atta! Anomalous deformations that exceed 
background u they ma an be considered a pre 
dictive sign) manitest themselves |-6 months betore 
earthquakes of magnitude of 5-6 and several years befor 
earthquak¢ i magnitude oft ’S. The linear dimen 
sions of zone mn which such abnormal deformations 
occur are tens and sometimes even hundreds of kilome 
In light of the fact that deformations develop siowly and 
the proces noniinear, the determination accuracy 
(within a } hour measuring cycle) needs to be at least 
when the dist petween p it ire km 
What that mear tf 50 tne pr I ociated 
with monitoring Getormations tor predictive purpose 
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Determination of the relative coordinates of two points from satellite observations. The unknown coordinate differ 
ences (AX, AY, AZ) are functions of the distances to the satellites (measured synchronously from the end points of 
the line connecting the observation points) and the coordinates of the satellites 


the satellites to the observer. With a system f mon! deformometric points on the Earth’s surface may bi 
tor leftormations of the Earth's crust, 1t would be selected at places that, from the geophysical standpoint 
sul witch only three or four of the 24 satellites are of greatest interest, and where it 1s sometimes simpl 
mode,’ without losing them as navigation mpossible to reach with geometric leveling. The mutual 
atellites. In that case, the requirements on the stabilit visibility of the points whose relative shifts are studied 
satellite generators decrease by almost three orders of that 1s mandatory in ground-based measurements 
magnitude for absolute determinations and two orders of becomes entirely unnecessary. The ‘all-weather’ capa 
magnitude tor relative determinations. When coherent bility of satellite measurements may become the decisive 
signals are used, the satellites can employ rubidium and factor under certain conditions 
high-quality quartz generators in place of cesium and a 
hvdrogen generators, which are heavy and expensive at Calculations show that when a coherent satell Ue mor 
that. This simplifies the space complex considerab toring system 1s used over large areas, we can also stud 
nerinl n light of the fact that three generators ar the components of the main rates of deformations, shea 
for on each satellite for the sake of reliabilits deformations and dilatation (volume deformat 
the Earth’s crust with higher accuracy (0.5 x | 
ne other attractive side of using coherent signals 1s the Thus, we can formulate the objects {f monitoring 
pability they provide for ground-based precision mea- First, using measurements made by a satellite deforma 
rere t distances between satellit Such data also tion network in three successive po hs \ n 1 to 
se the accuracy of both satellite ephemerid approximately determine the coordinat f th t 
ind ground point coordinates quake focus, the magnitude of the impending seism) 
event and the time at which it will occur. [Then we need 
d le geodet lerormation monitoring to continuously refine those parameters as monitoring 
thods have substantially greater capabilities than do data accumulate and contributions of information 
ind-based methods. And not just from t ndpoint made trom other disciplines 
i ratiol n ire ne S nal lit 
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Functional diagram of a satellite system for monitoring Earth crust deformation. 
Key: 1. Satellites of the global system—2. Geostationary satellite—3. Station for determining satellite coordinates—4 
System control center—5. Deformometric point—6. Cluster data collection and processing center—7. Regional 
p Sing center—8. Rapid forecast center 
significance. That applies to transmission of all forms of one of the communication trunks via geostationary sat- 
prognostic information from the territory under study ellite to a rapid forecast center. It 1s there that an expert 
In light of the immense overall flow of information, 11 group uses the entire set of prognostic signs (seismolog- 
vould be advisable to use multifunctional geostationary ical data, deformational data, data on the electrical 
satellites. Two geostationary satellites will have to be resistance of rock, on the state of the ionosphere, on the 
used for the system working over our country, while height of the water table and on the concentrations of 
hree sa tes would be needed for a worldwide system various gases in ground water) to arrive at a decision on 
whl s something we need to strive for 
cI ung We meee strive I¢ the appropriate steps to be taken in connection with a 
sossible seismic event 
The the deformometric measuring complex of the future — =~ 
will include all the satellites of the GLONASS and 
NAVSTAR systems, with three or four operating in COPYRIGHT: “Nauka” Zemlva i Vselennava. 1990 
coherent mode to permit monitoring in earthquake 
regions. The coordinates of those satellites are deter- 
mined from the data of SDSC (station for determining . : 
. ee vat : E Cosmonaut Suggests Drug Surveillance From 
satellite coordinates) points, with the use of the data of a 
. | Space 
measurements of distances between satellites. Four or 
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usly measure deformations need to be set up in each of Sep 9 
the earthquak« regions (45 of them have now been 
lected in the USSR). In addition, the Service for ; 
" [By TASS correspondents Aleksandr Borisov and Igor 
Monitoring Det rmations must have 5-10 receivers for ’ 
, Gvritishvill 
LICK Tt [ | . {Or use in regions Vnere the prec ul 
) mic events are manifesting themselves 
[Text] Moscow September 19 [TASS—Soviet Cosmonaut 
field deformation measurements are collected ViLer. ’ i 
Viktor Savinykh suggested that Soviet space juipment 
nter and then transmitted by | a 
be used to search for drug plants. He was speaking today 
vay of a ground ition system to a regiona : 
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sing cent | gional center has a radio trans ; 14 | 
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Savinykh, heading the Geodesy, Aerial Photography and 


Cartography Institute, believes “traditional methods of 


searching for drug plants are becoming less effective.” 
He said the Soviet Union works to develop operative 
methods to discover illegal plantations, using remote 
sounding facilities 


Preliminary experiments have shown the highly efficient 
Soviet equipment allows to discover opium poppy plan- 
tations as small as 10 square meters wide 


The research is based on the study of drug plants’ 
spectral reflecting characteristics and the possibility to 
use materials of multizonal and spectrozonal survey, 
received trom board the aircraft and artificial satellites, 
he said 


Crews working on board the Mir space station are 
rendering great assistance in the elaboration of the 
method, Savinykh said 


Savinykh told TASS that “in the nearest future, we might 
expect an unprecedented spread of drugs in the world, 
and it 1s necessary to join efforts to combat drug traf- 
ficking 


Che Soviet Union ts ready “to sign an agreement with all 
interested organisations to ensure land and air spectrom- 
etering of drug plants, take photographs of any region of 
the world trom aboard the manned space stations and 
artificial satellites and equip (an) air laboratory with 
special equipment,” Savinykh said 


‘Molniya-3’ Communications Satellite Launched 
21 Sep 

LD2109080690 Moscow TASS International Service 
in Russian 0737 GMT 21 Sep 90 


( Text] Moscow, 21 Sep (TASS)—To ensure the exploita- 
tion of remote telephone and telegraph radio communi- 
cations, relays of USSR Central Television programs to 
the “Orbita’ network stations, and international cooper- 
ation, another communications satellite, “Molniya-3’ 
was launched by a ‘Molniya’ carrier rocket in the Soviet 
Union today 


[he satellite has been placed in an orbit with the 
following parameters: apogee 40,782 km in the northern 
hemisphere; perigee 454 km in the southern hemisphere 
The period of revolution of the satellite is 12 hours, 15 


minutes, with an orbital inclination of 62.7 degrees 


Communication sessions via the ‘Molniva-3’ satellite 


j 


will be arried out in accordance with a scheduled 


program 
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‘Meteor-2’ Weather Satelite Launched 28 Sep 
LD2909113190 Moscow TASS International Service 
in Russian 0753 GMT 29 Sep 90 


[Text] Moscow, 29 Sep (TASS)—**Meteor-2,” the latest 
meteorological earth satellite, was launched in the Soviet 
Union by a “Tsiklon” carrier rocket on 28 September 
1990 


The satelite has been placed in an orbit with the fol- 
lowing parameters 


—initial period of revolution, 104.2 minutes 


—maximum distance from the earth’s surface (apogee), 
975 km; 


—minimum distance from the earth’s surface (perigee), 
953 km; 


—orbital inclination, 82.5 degrees 


Sets of apparatus for obtaining global representations of 
cloud cover and the underlying surface in the visible and 
infrared ranges of the spectrum, both in memory and 
direct transmission modes, and of radiometric apparatus 
for continuous observations of flows of penetrating radi- 
ation in near-earth space are installed on board the 
satellite 


Besides scientific equipment the satellite has a system 
that ensures the satellite 1s positioned toward the earth; a 
system for electrical supply that has independent orien 
tation of solar batteries toward the sun; a radiotelemetry 
system for relaying data on the work of the satellite’s 
auxilliary systems to earth; a radiosystem for precise 
measurement of the orbit’s parameters: a radiocomplex 
for relaying scientific information to earth 


The installed equipment on the satellite is functioning 
normally. A command-measuring complex is controlling 
the functions of the satellite. The information from the 
satellite is being relayed to the State Research Center for 
the Study of Natural Resources, and to the Hydromete- 
orological Center of the USSR State Committee for 
Hydrometeorology, for processing and utilization 


‘Gorizont’ Communications Satellite Launched 3 
Nov 

LDOS11091490 Moscow TASS International Service 
in Russian 0730 GMT § Nov 90 
{ Text] Moscow, 5 Nov (TASS)}—In accordance with the 
program for the further development of communications 
systems and television broadcasting by means of artifl 
cial earth satellites, on 3 November 1990 the launch of 


another “Gorizont’” communications satellite was cal 
ried out by a “Proton arrier rocket in the Soviet 
Union 

[he satellite has been placed in a near-stationary orbit 
with the following parameters: distance from the earth's 
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surtace—35,688km, period of revolutton—23 hours 51 


minutes: orbital inclination—1.4 degrees 


The apparatus installed on the “Gorizont” satellite ts 
working normally. The command and measurment com 
plex is monitoring the satellite. The satellite's communi 
cations and television apparatus will be used tn accor 


dance with the planned program 
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Conversion of Rocket-Space Production 
Technology for the National Economy 
907Q00118A Moscow VESTNIK 
MASHINOSTROYENIYA in Russian No 5, May 90 
pp 3 


[Article by V. A Isachenko, doctor of technical sciences 
Scientific Research Institute of Machine Building Tech 
nology] 


[Abstract] The conversion of defense industry resources 
specifically the production technology of the rocket 
space industry, to provide consumer goods and to serve 
the needs of the national economy in general is already 
under way, although further analyses and discussions are 
necessary to ensure its success. Some 28 basic technolo 
gies identified in the rocket-space industry are being 
directed by government programs and 
serve the needs of the following branches of industry 
light industry and chemical fibers (thin-wall casting 
rolling of precision blanks, deep drilling 
metal coatings, etc.); health industry (precision 
and die forging of titanium, |2-channel thermometer 
equipment for rehabilitation and restoration of motor 
functions, etc.); agriculture (metal spinning, vibratior 
drilling, precision-investment casting of stainless steels 
automatic welding, powder metallurgy, instrument hard 
ening, etc.); construction industry (production control 
specialization of production 
matic welding of pipes and beams 
building (thin-wall casting, restoration of parts, lase! 
welding, production of ceramic plates, forming of pipe 
fitting T's, etc.). The conversion of existing rocket-space 


Progress-95" to 


protective 


‘1 
CaStINe 


precision Casting, aul 


etc.)) machine 


technology 1s expected to have an economic impact ot 
420 million rubles in 1990. Making the technological 
potential of the rocket-space industry available to th 
national economy 1s to proceed in stages involving the 
transfer of existing technology and stocks to the national 
economy and the d.velopment of new technology with 


an eye to meeting national economy requirements, as 
well as those of space The tinal Stage will nvolve 
transter of rocket space enterprises to sectors of! 
national economy. By the year 2000, the nomic galt 
Irom the conversion process a! xpected to exceed 
billion rubl 
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Conversion of the Technology for the Production 
of the ENERGIYA-BURAN System in the 
National Economy 


YO7QOTISB VMoscow L/ S/ V/A 
VASHINOSTROYENTYA in Russian No 5, May 90 
p4/-4Y 


) | 


} 


candidate of technical sci 
ences, Scientific Research Institute of Machine Building 
T ( hnology 


[Article by V. | Grigorye 


(|Abstract] An exhibit bearing the title “Conversion of 
the Technology for the Production of the Energiya 
Buran System in the National Economy” 1s slated to 
open in 1990 at the Machine Building Pavilion of the 
Exhibition of Soviet National Economic Achievements 
[he organizational committee. under the direction of V 
\. Isachenko, director of the Scientific Research Insti- 
tute of Machine Building Technology, set two majo: 
themes for the current exhibition: first, the new proce 
dural and organizational approaches to the development 
of complex systems and the new level achieved in 
technology, both of which facilitate breakthroughs in 
scientific and technical progress, and, second, results in 
the conversion of aerospace technology to serve the 
needs of the national economy. In terms of the second 
theme, the exhibit emphasized the gains to be expected 
in all sectors of the economy, from the food industry to 
medicine, as a result of the conversion of the technolo- 
gies and skills used in the development of the Energiya- 
Buran space system. The exhibit consists of several 
sections, among which are ecology and resource conser- 
production technology 
quality control, organization of labor, automated plan- 
ning of mathematical modeling in 
technology, and acceleration of production. A long list of 
noted, including large-scale precision 
investment casting, thin-wall casting of aluminum alloys 
titanium casting without the a-layer, and production of 
mold cores without toxic resin binders. In the develop 
ment of the Energiya-Buran system alone, more than 300 
new technologies have been developed and about | OOO 


vation. information systems 


control programs 


spinotts are 


types of manufacturing equipment. The Scientific 


Research Institute of Machine Building Technology will 


ooperate with the Moscow Municipal Executive Com 
mittee, construction enterprises, and health care estab 
lishment to implement the Progress-95" program 


Analysis of the initial results of the conversion of the 


technologies and skills of the Energiya-Buran system to 
the onomy indicates that almost all the advances 
realized in this space system can be utilized to raise the 
Qualit f productio! n the general economy to the 
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Issues in Space Policy, Budgeting 

907Q0099 Moscow NOVOYE V ZHIZNI, NAUKE, 
IEKHNIKE: SERIYA KOSMONAVTIKA, 
{STRONOMLIYA in Russian No 4, Apr 90 (signed to 
press 4 Apr 90) pp 3-49 


{Annotation, table of contents and main text of book by 
Vsevolod Sergeyevich Avduyevskiy and Leonid Vasi- 
lyevich Leskov, “Where Is the Soviet Space Program 
Going?” Moscow, Znanie, 1990, 28,345 copies, 64 
pages] 


{Text} Annotation 


The booklet discusses the prospects for the development 
of the Soviet space program and analyzes the possible 
ways and means for increasing its return to the national 
economy 


The booklet is intended for a wide range of readers. 
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Does Today's Space Program Produce a Good Return? 


Recently, calls have begun to resound in our press, on 
television and even from official rostrums to cut 
spending for the space program because of its poor 
return to the national economy. Are there really grounds 
for such criticism? Do we know how to use the available 
opportunities adequately enough” Are not the domestic 
programs for the development of the space program 1n 
need of a serious review? These are very serious ques- 
tions. Not so very long ago, a thick shroud of secrecy 
almost completely concealed the affairs of the Soviet 
space program. As a result, it was reminiscent of an 
iceberg, most of which was hidden beneath the water, 
and it made even the very formulation of those questions 
pointless. Now the situation is changing rapidly, and the 
opportunity has arisen to delve into those questions, if 
only partially and incompletely for the time being 


Let us begin with the figures. In |989, some 6.9 billion 
rubles were allocated in the USSR for space programs, 
3.9 billion of which went for defense and science and |./7 
billion of which went for national economic purposes 
[he work on the Buran space plane comes to |.3 billion 
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rubles. These figures speak for themselves: it 1s clear that 
the multibillion-ruble expenditures for peaceful space 
that we used to write about are litthe more than a 
myth—in the country’s national income, they amount to 
a total of 0.26 percent. For comparison, we would note 
that this amount is smaller by a factor of 10 than the 
expenditures of just the Ministry of Land Reclamation 
and Water Resources alone for the same year and smaller 
by a factor of 5 than the aid which the Soviet Union ts 
rendering free of charge to other countries 


In the United States, in the 1989 fiscal year, the spending 
for space programs amounted to $29.6 billion, including 

22.8 billion for Department of Defense programs, $3 
billion for science and national economic purposes, and 
$3.8 billion for the reusable Space Shuttle space trans 
portation system, which is being used for both peaceful 
and military purposes. 


But what is the return produced by the space programs? 
Here are the official figures published in the United 
States: for each dollar invested in the space program, a 
profit of $7-14 is derived. American industrial compa- 
nies willingly invest money into the space programs and 
compete for state contracts that ensure a high rate of 
return of the capital investments 


The profits obtained through the indirect use of the 
space program’s advances, when they are applied in the 
national economy, are even higher. For example, the 
U.S. government spent $25 billion for the Apollo pro- 
gram, which enabled the American astronauts to go to 
the Moon, and the profits that American manufacturers 
received from the spin-offs of new materials, technolo 
gies and equipment developed in that program 
amounted to $225 billion. 


The Soviet space programs relating the national 
economy are also paying for themselves, and the talk of 
their unprofitableness is groundless. For example. in 
1988, revenues of around 2 billion rubles were received 
from the realization of those programs. It 1s important to 
emphasize the specific national-economy-related space 
programs for which a profit was obtained. According to 
the Ministry of Communications, the economic impact 
from the use of the Orbita, Ekran and Moskva satellite 
communications systems amounted to 540 million 
rubles in 1988. The satellite-based meteorology systems 
are making 1t possible to reduce the losses caused by 
natural disasters by approximately 500-700 million 
rubles a year. The combined research on natural 
resources conducted from space 1s producing an eco- 
nomic impact of 350 million rubles annually. According 
to the estimates of USSR Glavkosmos, in the neat 
future, that figure will increase to | billion rubles. Space 
photographs, for example, are making it possible to 
increase the quality of geological surveys and to facilitate 
the search for new mineral deposits and are resulting in 
a reduction in the cost of regional! geological prospecting 
operations by 15-20 percent 


Space-based map-making 1s giving us the opportunity to 
make the best choices in terms of the most economical 
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ind ecologically safe versions of projects for municipal 
and industrial construction, At the same time, it 1s 
naking it possible to reduce by a factor of 2-3 the 
spending tor field surveys. According to the estimates, 
every ruble spent on making space photographs pro- 
duced 5 rubles in profit 


\s for the introduction of space technology advances 
into the national economy, the domestic space program 
has grand possibilities in that respect, too. Unfortu- 
nately, tor now those opportunities are being used not 
nearly to the fullest extent. However, work in that area 
has recently begun to develop more vigorously as a result 
of the conversion problems addressed by the country’s 


le ader ship 


[he information cited here confirms that it 1s unfair to 
upbraid our space program for a poor rate of return and 
that the spending for peaceful space is paying for itself 
But the same data indicate that there are still substantial 
reserves for a further increase in the return. It 1s partic- 
ularly evident that, in terms of the space program’s 
productivity, as defined by the level of profitability, we 
are lagging far behind the United States. Why 1s this 
happening, and what are the specific ways by which we 
can increase the rate of return of the Soviet space 
DrOgt ims 


How Can the Space Program’s Rate of Return Be 
Increased? 


This discussion must begin with glasnost, because it 1s 
glasnost which 1s a preliminary mandatory cond:tion for 
assembling the best space research programs and for 
promptly introducing the space program’s advances into 
practice. This elementary requirement 1s well under- 
stood in the West, where all the space programs are 
publicized ahead of time and where not only specialists, 
but also broad circles of the public, participate tn their 
evaluation. Decisions about their financing are also 
made quite openly on the basis of democratic parliamen- 
lary procedures 


\ large number of scientific and popular science maga- 
zines and special publications on the space program's 
problems are published in the West. National and inter- 
national forums and exhibitions are held regularly, and 
one of their main goals is the broad dissemination of 
information about the space program’s latest advances 
and the organization of direct contacts between devel- 
opers and potential consumers. Special firms and insti- 


es are In Operation whose main task ts to transfer the 


innovations of space technology to Earth-bound con- 
ly 

I hings are different in our country. The domestic pro- 

eram for the development of space technology to be used 


for scientific and national economic purposes was pub- 
shed in an extremely condensed form in only a special 
idvertising brochure put out by Glavkosmos, “The 
n Space—The Year 2005,” and in certain news- 


ney f 
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example, in the issues of KRASNAYA 
23 and 25 August, 1989). The cost of this 
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program tor three 5-year plans is 40 billion rubles. 
Neither the Supreme Soviet nor its commissions have 
examined this program yet. 


Not a single scientific or popular science magazine 
devoted to practical matters of the space program 1s 
being published in the USSR. The participation of Soviet 
specialists in international forums and conferences on 
space programs 1s extremely limited, and the reports 
submitted from the USSR represent, as a rule, only a 
small percentage of the total number of reports given 


The absence of glasnost, plus the fact that only a narrow 
circle of specialists and leaders can discuss programs and 
documents under consideration, is one of the reasons for 
a number of bad decisions of major importance which 
have become known recently and which have led to very 
substantial financial losses. For example, in 1989, 
reports were finally published in the Soviet press about 
the work involving the development of the heavy-lift N-1 
rocket. 'f those operations, on which around 2.5 billion 
rubles were spent, had not been stopped by a willful 
decision in 1974 at the stage of the final tests, then we 
would not have had to start from scratch on the present- 
day Energiya launch vehicle 


As another example of such poorly considered decisions, 
we can cite the history of the Krasnoyarsk radar station 
After lengthy talks with the United States, the Soviet 
government acknowledged that the construction of that 
siation was a violation of the ABM Treaty, and it made 
the decision to dismantle it. “Poorly thought-out dect- 
sions are costly,’ Minister of Foreign Affairs E. A. 
Shevardnadze declared on the matter at the meeting of 
the Supreme Soviet on 23 October 1989 


It is significant that the last example pertains to the 
realm of our esteemed military department, although the 
press in recent years has also attempted to present this 
defense site as an exclusively national economic site. 
Something that 1s also a cause for concern ts the startling 
acknowledgement heard in that same speech by Shevard- 
nadze: “The whole truth was not immediately known to 
the country’s leadership.” It seems that the conclusion 
which our minister of foreign affairs proposes that we 
draw from this story 1s too mild. “Yet, all the same, there 
should have been questions,” he said, “about what those 
who made the decision about the construction of the 
Krasnoyarsk station had in mind. 


During all the years of stagnation, just as to some extent 
in the preceding period as well, the activities of our 
military space complex remained a sphere 2bout which 
only vaguely encouraging statements were permitted in 
the press, statements consistent with the style of our 
pre-war slogans of the type ““A Secure Border” and “We 
Do Not Covet a Single Inch of Foreign Soil.’ Now the 
situation has begun to change. We can now speak openly 
about the big mistakes and costly oversights committed 
here. One more example in this regard 1s the treaty in 
effect between the USSR and the United States on the 
destruction of medium- and short-range missles. There 1s 
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no doubt that this is a great victory for peace-loving 
forces, a victory that may be of exceptionally great 
importance for the future fate of all mankind. The 
Signing of that treaty had a great economic impact: 
already, at the present time, the savings derived amount 
to 400 million rubles annually, and after the elimination 
of all the missiles, that sum will increase even more. 


But, on the other hand, one cannot help but admit that 
the basis of the treaty on the medium- and short-range 
missles is the “Zero Option” proposed previously by the 
U.S. administration. If the then leadership of our 
country had displayed greater flexibility in their 
approach to the matter, the the country would have been 
spared the quite substantial financial losses it incurred 
by first installing the missiles on alert status and then 
Carrying Out a set of operations for their dismantling and 
destruction. If, while observing all the necessary require- 
ments of secrecy, the formation of our military space 
concept had been of a more democratic nature, the 
likelihood of such oversights would have been consider- 
ably less. 


The arms race, which lasted for many years, led to 
colossal and, to a considerable extent, unjustified expen- 
ditures of material resources and human labor. We 
would remind you that more than three-fourths of the 
U.S. expenditures for space programs goes for the 
solving of purely military problems. The Soviet Union's 
reaction to this challenge, for a long time, remained 
constant and consisted of maintaining parity in the 
entire set of missile-based weapons. Such an approach 
doomed our country to copying nearly all the steps taken 
by the opposing side in this field and led to new rounds 
of the wasteful arms race. Understanding this, one US. 
political leader time and again would make a frank 
acknowledgement to this effect: ‘““That’s splendid, we will 
leave the Soviet Russia without underwear.” 


The reflection of this concept of rivalry was the work 
developed in the United States on SDI—the Strategic 
Defense Initiative. The essence of that strategy consists 
in effecting the accelerated development of the United 
States’s military space potential and simultaneously 
forcing the “backward” Soviet economic system to incur 
new, enormous expenditures which might be too much 
for it. We would remind you that plans calls for the 
overall spending for strategic programs in the United 
States in the coming decade to be $236 billion, including 
$50.3 billion for SDI research alone. It is the largest U.S. 
research program 


The Soviet Union’s response to all these actions 1s 
unambiguous: we must have Armed Forces adequate for 
the protection of the country. However, in recent years, 
the USSR’s leadership found a means for proposing a 
real alternative to the logic of the arms race, by pro- 
moting the concept of sufficiency and equivalent secu- 
rity for the opposing military blocs based on setting 
lower levels for all types of armaments. Let us recall M. 
S. Gorbachev's statement that, in response to SDI, we 
would not duplicate the American program, but rather, 
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we would find another solution, adequately reliable and 
effective, but, at the same time, considerably less expen- 
sive. This new approach to the military aspects of the 
space program was greeted by ardent support and 
approval on the part of all the peace-loving people and is 
producing a basis for the expectation that the national- 
economy-related potential of space research will, as a 
result of this decision, receive new impetus. 


How the Space Program Is Managed 


The next matter involves the organizational structure of 
our aerospace industry. That structure was established 
right after the war and originally was sunposed to pro- 
vide the solution for just one solitary problem—under 
the most difficult post-war conditions, it was to effect the 
creation of a nuclear missile shield for the homeland as 
quickly as possible. One cannot forget the feat of labor of 
those who brilliantly managed the solution of this most 
important and historic problem 


Domestic missile construction, with the broadest sup- 
port of the CPSU Central Committee and the Soviet 
government, was rapidly converted into a new powertul 
sector of machine building. As a result, by 1957, the 
Soviet Union became one of the world’s leaders in the 
field of launch-vehicle and spacecraft development, even 
though similar operations were begun at the same time in 
the Western countries under morc favorable conditions 


The Soviet Union’s preeminence in the field of cosmo.- 
nautics was demonstrated by the launch in 1957 of the 
first artificial Earth satellite and the flight into space in 
1961 of the planet’s first cosmonaut, our fellow coun- 
tryman, Yu. A. Gagarin. Those events marked the begin- 
ning of a new era in the history of mankind—the era of 
the use of outer space in the interests of civilization. The 
egress into space opened up for humanity a fundamen- 
tally new opportunity for the construction in near-Earth 
orbits of an information-and-production infrastructure 
based on the broadest and most comprehensive use of 
outer space for scientific and national economic pur- 
poses. 


However, in subsequent years, the situation gradually 
began to change. In the United States, enormous sums of 
money were appropriated for the development of an 
aerospace complex. In order to demonstrate the capabil- 
ities of 1ts country to the whole world, the U.S. admin- 
istration set as a national goal the flight of a man to the 
Moon. After receiving for such purposes a sum that was 
colossal for those times—$25 billion—the American 
specialists handled the task brilliantly: in July of 1969, 
Neal Armstrong became the first to step onto the suriace 
of our planet’s satellite 


The slowdown noted on the eve of the '70s in the rate of 


development of the Soviet space program continued 
The Soviet Union carried out a number of high-priority 
projects for the study of outer space (the continuation of 
the Venusian research, the Vega project, the operation of 
the Kvant astrophysics moduie as part of the Mir orbital 
complex, and others). However, the successes achieved 
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abroad during this period in this area were of a greater 
scale in a number of respects. Here, one would mention 
the American Viking projects for studying Mars, the 
Voyager for studying the solar system’s giant planets, 
and the Western European Giotto project for studying 
Halley’s Comet 


The satellite communications systems used in the West 
are of a iarger scale than are the Soviet satellites and, 
accordingly, produce a larger profit. The United States 
and the other Western countries have achieved great 
successes in the use of space-based systems for solving 
other national economic problems as well. In the pro- 
cess, the economic impact produced 1s, by various esti- 
maves, in the billions and tens of billions of dollars. 


At the same time, the Soviet Union continued to play a 
leading role in manned orbital stations, an area funda- 
mental to the space program as a whole. Here, a number 
of preeminent results were produced—for example, in 
the research involving the possibilities and conditions 
associated with long-duration manned flights in space— 
and the principles were developed for the design of a new 
generation of multimodule orbital complexes based on 
the Soviet Mii station. 


That the Soviet space program was “running in place” 


became obvious when, in 1974, by the willful decision of 


L. i. Brezhnev and D. F. Ustinov, the work on the N-! 
heavy-lift rocket was stopped. Typically, the entire world 
knew about the work on that rocket, about several 
failures during its testing, and then about the curtailment 
of further work. If one were to judge by the popular 
folklore that flourished during those years, the Soviet 
people also knew full well about everything. It was only 
ovr press which bashfully pretended that nothing of the 
ort was occurring. The first articles about this entire 


affair appeared in our newspapers only in the fall of 


1989—on the [5th “anniversary” of the unfounded 
decision which was made privately and in deep secrecy 


The departmental structure and the management system 
in which all important decisions, without exception, are 
made only at the very top, acquitted themselves poorly 
in the initial stage of the establishment and development 
of the space program. The Soviet public was assigned a 


ingle solitary role —the role of enthusiastic listeners of 


TASS reports about the routine successes of the domestic 
space program. They preferred not to talk about the 
breakdowns and failures which are inevitable in any 
large venture. This suited many of the leaders, since it 
eased the pressure of possible critical comments aimed at 
them 


April of 1970 comes to mind in this connection, when 
the American Apollo 13 craft, with astronauts J. Lovell, 
J. Swigert and F. Haise on board, suffered an accident 
while going into near-Earth orbit. The planned flight to 
the Moon became impossible, and there was a real 
danger of the astronauts dying. The mass media imme- 
diately informed the country about this. The response of 
the American people was impressive: offers of help came 
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trom all sides, and a lot of practical suggestions were 
received. The entire country rallied and was thinking 
about how to save the astrenauts. The ground services 
supporting the mission functioned splendidly. The crew 
of the spacecraft displayed great courage and a high 
degree of professionalism. As a result of all the efforts, a 
catastrophe was averted, and the craft returned safely to 
Earth. Yes, it was a failure. But at the same time, it was 
also an example of how, with the proper organization of 
affairs, even a failure can work in one’s favor. 


Soviet history also knows such examples. Suffice it to 
recall the epic poem “‘Chelyuskin” or the removal of 
Papanin’s camp from the ice floe. It 1s a pity that the 
Soviet leadership, for some time, considered it prefer- 
able to solve such problems in deep secrecy from its own 
people. 


Gradually, the administrative-command system, under 
the jurisdiction of which even the space program found 
itself, began more and more to retard its natural devel- 
opment. The N-! rocket affair was one of the first 
graphic lessons of the situation that had come about. 


To an ever greater degree, a whole series of shortcomings 
inherent in the organizational structure of the space 
science-and-production complex was becoming more 
evident. Enterprises that had large workforces and that 
were difficult to control had been formed, and it was no 
simple task to refocus them to deal with newly emerging 
tasks. Departmental barriers were erected between the 
Ministry of General Machine Building’s space services 
and the enterprises of the national economic sectors— 
the consumers of space information 


In a number of instances, those enterprises were simply 
technologically unprepared to use the space information 
to really good effect in their own work. The corre- 
sponding services of the ground complex lagged behind, 
and there was a dramatic lack of computer equipment 
The electronic equipment, which was based on the 
products of the Ministry of the Electronics Industry, was 
below world standards in many of their characteristics. 
This led to an unwarranted increase in the mass of space 
systems and to limitations in terms of their stints of 
active service lives 


As for the transfer of new materials, technologies and 
equipment developed during the performance of the 
space programs to other sectors of the national economy, 
it was hindered by a whole series of barriers: excessive 
secrecy, the customary absence of glasnost, the lack of 
information, the absence in the Ministry of General 
Machine Building of a direct personal interest in trans- 
ferring the advanced experience it had garnered, and the 
absence in other departments of a direct personal 
interest in using it 


The difficulties encountered by the domestic space pro- 
gram. increasing year after year, were aggravated by the 
unwarranted “‘politicizing’” of the program’s successes, a 
politicization which the individual Soviet leaders began 
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to abuse. N. S. Khrushchev, who had intended “‘essen- 
tially to build” a communist society by 1980 and to have 
surpassed by that year the U.S. level of industrial pro- 
duction, stated that the process of “overtaking” our 
Western competitors would be gradual in various aspects 
and that, in rockets, for example, we had already passed 
them. Following his example, it became a customary 
practice to win new space victories, no matter what the 
cost, by various holidays and significant dates. That 
practice made it possible for D. F. Ustinov, L. V. 
Smirnov, and other leaders over the course of many 
years to report personally to Leonid Ilich Brezhnev 
about the latest success. 


Recently, Academician V. P. Mishin, first the deputy 
and later the successor to S. P. Korolev as head of the 
design bureau now known as Scientific Production Asso- 
ciation Energiya, cited examples which showed graphi- 
cally what kind of losses the practice of such “willful 
decisions” led to. We have already mentioned the ill- 
considered cessation of the work on the N-1! heavy-lift 
rocket. Here is one more example: at the insistence of D 
F. Ustinov, the work on the promising design of the 
Salyut-6 orbital station with two docking assemblies was 
canceled. 


Let us compare the situation that came about in the 
domestic space industry and the organization of space 
research abroad, first of all in the United States. State 
financing of the space programs for scientific and 
national economic purposes is implemented there 
through the National Aeronautics and Space Adminis- 
tration (NASA), while military programs are financed 
through the Department of Defense. Space program 
projects are reviewed first by the National Space 
Council, which is chaired by the vice president of the 
United States, and then the administration submits them 
to congress, which, after discussion, annually approves 
NASA’s budget and that of the Department of Defense. 
NASA spends part of the allocated monies on the main- 
tenance of its own equipment and part on the space 
research centers and test ranges directly subordinate to 
it, but the main portion goes for contracts with industrial 
firms—the developers of space technology. The con- 
tracts are let strictly on a competitive basis. A large 
company that has received a state contract acts, as a rule. 
as a subcontractor in relation to other industrial compa- 
nies or research organizations. 


Working along with the large industrial companies that 
are part of the U.S. aerospace complex (General 
Dynamics, McDonnell Douglas, Rockwell International, 
Boeing, Westinghouse, General Electric and others) are a 
large number of comparatively small enterprises. This 
gives the entire system of management of operations 
considerable flexibility. Another feature of the Americar 
space programs consists in the fact that the number of 
people engaged in carrying them out in the various 
organizations can be rapidly changed in one direction or 
the other, depending on the volume and specific nature 
of the work 
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One more important distinguishing feature of the Amer- 
ican programs for space research is the extremely broad 
use of international division of the labor. Involved in the 
development of American space equipment are indus- 
trial companies and scientific-technical centers that pos- 
sess advanced technology, regardless of their national 
affiliation. In order to effect some of the large space 
programs, international consortiums with joint capital 
are established. Such consortiums, for example, are 
operating communications satellites and satellites for the 
study of natural resources 


In addition to the work done on state contracts, some 
industrial companies perform scientific rescarch and 
design work at their own expense. For example, the 
American company General Electric is working jointly 
with the West German concern Messerschmitt- 
Boelkow-Blohm on the development of an autonomous 
satellite-platform for conducting manufacturing experi- 
ments in weightlessness in the interests of industrial 
chent-firms. The placement of the satellite-platform into 
a near-Earth orbit 1s planned for 1992. 


International cooperation in the performance of various 
space programs has become a widespread practice in 
other countries as well. For example, recently, Brazil and 
the PRC established a joint firm which proposes using 
Chinese launch vehicles and Brazilian ground tracking 
stations. The goal of this firm 1s to offer to the interna- 
tional space systems market to launch satellites for 
various purposes with the Chinese Great Wall rockets for 
comparatively low prices 


What We Can Learn From Others 


In comparing the organizational structure of space 
research in our country and tn the United States, :t may 
be noted that the latter possesses a number of important 
advantages: 


the considerably more open nature of the space 
programs, and the free access to all information, 
with the exception of military and technology secrets 


the much more democratic nature of the procedure 
for making key decisions 


the direct personal interest of the developers of space 
technology in transferring the advances they make 
into other fields of industry 


the competitiveness of the work, and the selection of 
projects on a competitive basis 


the flexibility of the main production structures, and 
the relative simplicity in switching labor and mate- 
rial resources to new tasks 


the more efficient hierarchy for managing functions, 
and the delegation from those at the top to those 
below of a wider range of authority to make deci 
sions 


e the efficient use of the international division of labor 
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* the more rapid use in space equipment of the inno- 
vations of the scientific-technical revolution 


This list looks so impressive that it automatically brings 
a question to mind: then, in that case, just what was it 
that enabled the Soviet space program to win the leading 
role in the very beginning and to maintain it for many 
years? A number of things contributed to it. Without a 
doubt, the primary reason 1s that it was in our country 
that the founder of cosmonautics—our great coun- 
tryman, K. E. Tsiolkovskiy—lived and worked, as did 
such world-class specialists as Yu. V. Kondratyuk, F. A. 
Tsander, and A. A. Shternfeld. Our country was also 
fortunate because the work of the pioneers of cosmonau- 
tics was continued by first-rate engineers and designers 
headed up by the founder of practical cosmonautics, S. 


P. Korolev, the brilliant mathematician and organizer of 


scientific research, M. V. Keldysh, and their talented 
comrades and colleagues, such as G. N. Babakin, V. P. 
Barmin, V. P. Glushko, A. M. Isayev, V. P. Mishin, N. A. 
Pilyugin, M. F. Reshetnev, V. N. Chelomey, and M. K. 
Y angel 


An important role was played by the Soviet govern- 
ment’s understanding during the post-war years of the 
need tor developing a nuclear missile shield as quickly as 
possible. In the initial stage of the space program’s 
establishment, solving this problem was possible with 
the methods of maximally centralized control that are 
inherent in the administrative-command system. And 
one more factor that played an exceptional role in the 
establishment of the Soviet space program was the work 
enthusiasm, the high degree of professionalism, and the 
devotion to their work among the rank-and-file laborers 
in Our space industry, among the workers and engineers, 
among the designers and mathematicians, and among 
the executive officers and leaders. 


However, the scale and nature of the problems to be 
solved changed as space equipment developed. The ways 
in which the organizational structure of the domestic 
space program was inferior to the foreign space program 
began to play an increasingly significant role. The signs 
of lagging gradually began to pile up. The rate of return 
to the national economy by space research turned out to 
be markedly higher abroad than it was in the USSR. 


It would, however, be a mistake to believe that every- 
thing is bad in our country, while everything 1s good in 
theirs. On the contrary, the “‘structure”’ of space research 
abroad is characterized by a number of serious defects. 
The arms race, which has continued almost uncontrol- 
lably for the entire post-war period, casts a large shadow 
on the space program. 


Furthermore, there 1s, at times, excessive “politicizing”’ 
of the space programs, and a disproportionately large 
emphasis 1s placed on the publicity associated with them 
For example, to a large extent, the Apollo program had 
high priority, and its basic goal consisted of having 
American astronauts reach the Moon before the Rus- 
$1ans 
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The organization of space research in our country has, 
thus, substantial shortcomings, which are directly 
reflected in the return made by the research to the 
national economy. In making it a goal to eliminate those 
shortcomings, much that is valuable could be learned 
from our foreign colleagues. At the same time, naturally, 
it must not be forgotten that their decisions are also far 
from ideal. 


The Space Program and Perestroyka 


After 1985, when our country entered into the period of 
perestroyka, a number of important decisions were made 
that were aimed at correcting the situation in which the 
domestic space program found itself. Above all, there 
appeared the opportunity to have a direct and frank 
discussion about the actual situation in a much more 
open manner than had been possible not that long before 
and to cite figures and facts previously concealed behind 
the seven levels of classification. This is already a big 
step forward and a good sign of the changes that are 
taking place. 


Glasnost has reached such a level that, in August of 
1989, shown on television was the expanded meeting of 
the board of the Ministry of General Machine Building, 
at which, in the presence of correspondents, the director 
of the Central Scientific Research Institute of Machine 
Building, Professor Yu. A. Mozzhorin, spoke about the 
draft of “The Program for the Development of Space 
Technology for Scientific and National Economic Pur- 
poses for the Period up to the Year 2000." While it is 
true that the first step has been taken, the second has not 
yet been taken—the program has not yet been published. 
One can get an idea about it only from fragmentary 
newspaper articles and from the Glavkosmos brochure. 


Established in 1985 was Glavkosmos—the Main Admin- 
istration for the Use of Space Technology for the 
National Economy, Scientific Research, and Interna- 
tional Cooperation in the Peaceful Use of Space. Glav- 
kosmos is offering foreign consumers the commercial use 
of various classes of launch vehicles—the Proton, the 
Soyuz, the Molniya, the Vostok, and the Tsiklon 
French, Indian and Czechoslovakian satellites have been 
sent into space by Soviet launch vehicles. 


Being placed into a geostationary orvit 1s the Soviet 
Gorizont satellite, which provides all types of communi- 
cations for the Intersputnik international organization. 
Foreign organizations are acquiring photographs of 
Earth produced from space by Soviet space vehicles. A 
program of research on general biological mechanisms 
which are the basis of the vital activities of man and 
other organisms is being carried out with the Bion 
satellites, with the participation of the countries of the 
socialist community, France, and the United States. 


The Soviet Union—yjointly with the United States, 
France and Canada—has placed into operation an inter- 
national satellite system for rescuing crews of ships and 
aircraft that have had accidents. With this system, 
around 2,000 people have already been saved— 
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although, for the most part, they have been people 
abroad. Here again is the telling effect of the sadly set 
habit of our departments, which have at their disposal 
the Soviet Navy and Air Force, of not hurrying to equip 
their own units with the appropriate on-board devices. 
And without those devices, the space rescue service, 
naturally, cannot operate. 


Interkosmos—the USSR Academy of Sciences’ Council 
on International Cooperation in the Field of the Study 
and Use of Outer Space—has been in place in the Soviet 
Union since 1966. This council 1s entrusted primarily 
with the task of coordinating the work of the industrial 
ministries in their cooperation with other countries in 
the field of space research. Under the aegis of Interkos- 
mos, a large number of experiments that were prepared 
jointly by domestic and foreign specialists have been 
carried out. 


Most recently, the Soviet government granted to certain 
larger enterprises of the Ministry of General Machine 
Building the right to independently sign agreements on 
cooperation in space with other countries’ organizations. 
All the measures should increase our country’s activity in 
the international space market. 


At the same time, a number of decisions were made that 
were aimed at the direct use of the production potential 
of the aerospace industry in the interests of the national 


economy and health care. For that purpose, a number of 


enterprises which previously were part of other national 
economic departments have been moved so that they are 
under the authority of the Ministry of General Machine 
Building. In addition, that ministry received a govern- 
mental assignment to develop modern equipment for 
enterprises such as bakery, soap-making, and sugar- 
refining enterprises. The manufacturing of prostheses 
and disposable syringes at aerospace enterprises 1s also 
under consideration. Agreements have been signed 
between the Komposit Scientific Production Association 
and the ministries of Health and of Installation and 
Special Construction Work and the Moscow City Exec- 


utive Committee on cooperation in the manufacturing of 


new materials that were originally developed for the 
needs of space technology. Carbon carbon materials are 
being used to manufacture artificial tendons and to solve 
problems associated with endoprosthesis, and implants 
of high-durability steel, which was developed for rocket 
engines, are being used. New fire-resistant materials will 
be used for the panelling of metro and trolley cars. 
Ceramics have been proposed which will make it pos- 
sible to manufacture faucets of a new design—water will 
not drip from them. If they are introduced in Moscow, 
then it will not be necessary to build the Rzhev reservoir, 
to which the ecologists are objecting so 


As can be seen, perestroyka has seriously touched the 
space program, and that, of course, 1s very good. At the 
same time, it is clear that much still needs to be done. 
Glasnost should stop being a half-way proposition. The 
numerous restrictions still remaining must be eliminated 
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(while observing, naturally, all the necessary require- 
ments of secrecy). In particular, the budget for scientific 
and national economic research in space should be made 
public and should indicate the specific expenditure 
items. The corresponding programs of operation should 
also be made public. The programs and budget for the 
operations for peaceful space should be approved by the 
Supreme Soviet in an open process. 


Since 1989, there has been a considerable increase in the 
number of periodic publications. Unfortunately, our 
publishers, as before, are treating the space program like 
Cinderella: there has not been and there is still not a 
single journal devoted to its problems (not counting the 
highly specialized KOSMICHESKIYE ISSLEDO- 
VANIYA and the KOSMONAVTIKA, 
ASTRONOMIYA series from the Znaniye Publishing 
House). 


The International Space Market 


Not everything is going well with international coopera- 
tion either. In the West, the internationalization of space 
research has become a fact. By contrast, centrifugal 
tendencies are, unfortunately, intensifying in the Inter- 
kosmos program. The newspapers have carried articles 
written by CEMA country specialists in which the spe- 
cialists acknowledge that the Interkosmos programs have 
made it possible in the past to solve a number of 
interesting scientific and national economic problems, 
but they feel that the organizational bases of the pro- 
grams now need to be reviewed. In particular, the 
opinion 1s being expressed that 1t would more advisable 
to construct these operations along the lines of the Joint 
Institute for Nuclear Research in Dubna: that 1s, to 
establish a joint center for space research headed by a 
council of directors—representatives from the partici- 
pating countries—and with a common budget. The work 
would be carried out in a single program with the 
center’s shared resources. 


We must concede that there are definite grounds for 
considering the Interkosmos program inadequately effi- 
cient. We shall illustrate that by way of the example of 
the program for manufacturing experiments, which has 
been conducted on the Soviet orbital stations since 1978. 
A large number of experiments were conducted with the 
participation of specialists from Poland, Czechoslo- 
vakia, the GDR, Hungary, Bulgaria, Romania, Mongo- 
lia, Cuba, and Vietnam. Those experiments produced a 
number of interesting results. However, they produced 
almost no recommendations that could be used to 
improve the manufacturing processes developed in the 
Soviet Union for the production of materials in space 


Why did it turn out like that? The associates of the 
Interkosmos council and the USSR Academy of Sci- 
ences’ Space Research Institute who conducted this work 
are competent, skilled specialists who know their busi- 
ness well. There are no grounds whatsoever for blaming 
them for the fact that, in practical terms, the experiments 
for which they were responsible turned out to be not very 
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successful. The cause here lies elsewhere—in the very 
principle underlying the organization of those opera- 
tions: apart from the associates of Interkosmos and the 
Space Research Institute, the representatives from other 
organizations, which, it would seem, were interested in 
specific recommendations more than anything else, did 
not actively participate in drawing up the program of 
experiments or in conducting the experiments or in 
analyzing the results. If those operations had been car- 
ried out in a space center along the lines of Joint Institute 
for Nuclear Research, as our colleagues from the CEMA 
countries propose, then the situation would have been 
substantially different. 


The entry of the Soviet space program into the interna- 
tional space market is also being complicated by a 
number of legitimate reasons. The first of them is the 
U.S. State Department’s ban on the export of satellites in 
which American-made components are used to the 
USSR. Meanwhile, at the present time, around 150 
satellites rnanufactured in the West are “awaiting” their 
turn for launch. Glavkosmos is prepared to guarantee 
that no one will touch them while they are in our 
country. Launching these satellites would be cheaper for 
the customers if Soviet rockets were used than if Amer- 
ican or French insertion systems were used. However, 
the ban remains in place and ts limiting considerably the 
practical possibilities of cooperation. 


Another reason is of a more general nature and lies in the 
weakness of our country’s foreign economic ties as a 
whole. In order to correct this situation, radical reforms 
are needed 1n the production structure,—including, to a 
some extent, the aerospace industry—plus a transition to 
a real market and a guarantee of the convertibility of 
Soviet currency. 


The weakness of our foreign economic ties is also 
reflected in the program for the manned orbital stations, 
where we continue to hold a lead that is acknowledged in 
the West. At present, work is expanding in the United 
States on the development of the Freedom orbital sta- 
tion, the first version of which is scheduled to be 
launched in the mid-1990s. Western Europe, Japan and 
Canada—which are developing modules which will be 
part of the station and which are supplying equipment— 
are involved in financing the work on the station. 


Western specialists are also displaying interest in the 
Soviet Mir orbital station, but that interest has been 
limited mainly to agreements involving visiting expedi- 
tions to the station by foreign cosmonauts. An eight-day 
visit to Mir by a foreign cosmonaut costs its sponsors 
$10-16 million. The goals they pursue are varied: the 
study of the Soviet experience in space research, the 
conduct of their own experiments, and publicity (the 
latter pertains to the scheduled flight of a Japanese 
journalist to the station, as well as that of a British 
cosmonaut, to a large extent). The foreign sponsors of 
space missions do not hide the fact that, after paying the 
Soviets the necessary expenses, they will be able to 
derive for themselves a large profit. Agreements have 
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already been signed regarding flights on our craft by 
representatives from Austria, Japan, England, France 
and the FRG. 


Unfortunately, except for the not very substantial hard 
currency receipts, which, in fact, barely cover our 
expenses for a joint flight, the Soviet side essentially 
receives very little from these types of joint missions. 
Meanwhile, the laws of the market, including the space 
market open the way here, in principle, for much more 
productive opportunities for cooperation. In fact, if our 
Western parters, in signing agreements with the Soviet 
side on conducting their own experiments aboard our 
space vehicles, thereby obtain access to the use of 
advanced technology which they themselves do not 
possess, then is it not natural for the Soviet side, by way 
of a fair exchange, to receive not only hard currency (and 
that much), but also some of the same “know how” 
associated with modern technology, which, in our time, 
is highly valuable in all the developed countries. In 
agreeing to a purely commercial solution of the matter, 
the Soviet side is running the ultimate risk of beginning 
to operate under the motto of the unforgettable Adam 
Kazimirovich Kozlevich, “Hey, I'll take it out for a 
spin.” 


Unfortunately, certain Soviet journalists have also 
thrown grease into the fire by starting, in our opinion, a 
scarcely serious campaign for sending one of their their 
own colleagues into space before the Japanese journalist. 
I would like to remind our journalists: the space program 
is too serious a matter to be turned into an arena of 
sports competition. 


Departmental Barriers 


Against the backdrop of the perestroyka, work is pro- 
ceeding slower than one would like in the transfer of 
space technology to the national economic sector. Infor- 
mation barriers and psychologica! yarriers are playing a 
large role in inhibiting those processes. One of us had the 
opportunity to talk time and again with people’s depu- 
ties, party gorkom leaders and ispolkom leaders from 
many regions of the country, and important representa- 
tives of national economy departments at the exhibition 
of the scientific-technical achievements of aerospace 
technology, which was organized in 1989 at the Ministry 
of General Machine Building’s Kompozit Scientific Pro- 
duction Association. The overall impression from these 
conversations 1s that recognition of the fact that the 
space program is not just TASS reports about the latest 
records, but also an inalienable and, for all practical 
purposes, very useful part of our daily life—recognition 
of that is having a hard time taking root 


As many people as possible must understand that the 
space program 1s for them—1t represents, above all, new 
machines, materials, instruments, and technologies that 
can solve extremely efficiently many, many problems in 
machine building, construction, medicine and health 
care, and our daily lives. And even in sports: on display 
at the Kompozit exhibition were yachts, bicycies and 
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other sports equipment made from new materials that 
are durable and lightweight at the same time. 


The impression is forming that the scale of the transfer of 
space program technology to the various sectors of the 
national economy will increase to an ever greater degree 
the actual capabilities of the Ministry of General 
Machine Butiding, which is the main department in the 
country directly responsible for the development and use 
of space technology. Apparently, it would be advisable to 
consider the question of a partial reorganization of space 
research, which could help remove the departmental 
barriers that are inhibiting the transfer of space program 
technology to the national economy. 


Over the years of perestroyka, quite a lot has been done 
to increase the rate of return of space research. In 1988, 
the income derived from the peaceful items of the space 
program’s budget exceeded for the first time the 
spending for them (let us recall the figures: 2 and 1.7 
billion rubles, respectively). However, there 1s still a lot 
more to be done. 


The State Space Program 


In the determination of the most efficient ways of further 
developing the Soviet space program, an important place 
belongs to the State Space Research Program. What 
should this program be like? In summing up the results 
of the discussion of its project at the above-mentioned 
meeting of the expanded board of the Ministry of Gen- 
eral Machine Building, Minister O. N. Shishkin said: 
“The state 1s not allocating money to us just because we 
drew charts and diagrams. Each enterprise of the sector 
needs to look for customers and a source of financing. 
Space must yield a return—that is the sector’s strategy.” 


There is no doubt whatsoever that if the rate of return of 
space research 1s to continue to grow, the country abso- 
lutely needs the State Space Program. If that program is 
to be a real instrument for development, it must be 
discussed and approved from all angles at the highest 
level. The country’s space program is not the business of 
just a single department, even if it is a large one like the 
Ministry of General Machine Building. It is the business 
of the country as a whole. Without such a program, the 
space program simply will not be able to move forward 
and, in fact, will be compelled to run in place, passing off 
as new achievements something like the above- 
mentioned flight into space of the first journalist, who 
would be our countryman. That is why it 1s very bad that 
we still do not have such a program. 


Just what should a State program for the development of 
Our space program be like? The authors have been 
involved with the problems of space research for many 
years. That gives them the right to express some personal 
views in this regard, views that, naturally, are arguable. 


First, about the materials that can serve as a foundation 
for the discussion First of all, of course, they include a 
brief presentation of the dratt of Central Scientific 
Research Institute of Machine Building’s program. 
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which has already been mentioned above. It is a pity, of 
course, that, in the land of K. E. Tsiolkovskiy, who, more 
than 60 years ago, was the first person in the world to 
forumlate a program for the exploration and develop- 
ment of outer space, other such materials are lacking. 
But, unfortunately, those are the facts. Second, there 
include the foreign publications on this topic. In July of 
1989, on the anniversary of man’s first flight to the 
moon, President Bush gave a speech in the United States 
and he announced a new American program for the 
exploration and development of space. Prior to that, a 
number of space program projects designed at the state 
level or by private firms were published in the United 
States. Very interesting, for example, is the project 
published by Rockwell International in 1988, which 
involves an extremely detailed program for the explora- 
tion and use of space for the period up to the year 2100. 
All these and certain other materials will be used in our 
analysis. 


In order io make the conversation more specific right off 
the bat, we will list the central points of NASA’s program 
for the period up to the year 2000, along with the 
proposed spending: 


¢ Reusable Space Shuttle Space Transportation 
System, including the improvement of its character- 
istics, the development of models, and operation— 
$55 billion 


¢ Manned orbital station Freedom—$30 billion 
« Aerospace plane—$10 billion 


¢ Superheavy-lift !aunch vehicle with lift capacity of 
45-70 tons—$8 billion 


The spending for these four projects amounts, in all, to 
60-70 percent of all the projected NASA expenditures for 
the years 1991-2000. 


That program cannot be viewed apart from what other 
countries that are cooperating with the United States, as 
well as private firms of the aerospace complex and 
international space consortiums, are proposing to do 
over that same period. They are also planning serious 
operations: the development of economical launch vehi- 
cles, the development of autonomous orbital platforms 
for solving national economic problems, the conduct of 
experinients involving the transmission of microwave 
radiation from space to the Earth for the purpose of 
modeling a prospective energy-supply system for Earth, 
environmental protection and ecological projects, etc. 


We will begin, if you will, with some general comments 
It would be a mistake to make our domestic program 
simply a reflection of what they are proposing to do in 


the West. The world does not have two types of cosmo 
nautics—Soviet and foreign. Cosmonautics ts one entity 
We must find our own place in this common proces: 


and a dramatic intensification of our efforts in the world 
space market should play a leading role there. The 
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development and launching, and a tatlure can, in finan 
ial terms, turn into large losses for the developer 
\infortunately, in our country, that question has not 
been solved, which, 'n some instances, can complicat 
our relations with foreign partners. Second, the equip 
ment-related risk is reduced as a result of the use of 


reusable space transportation craft, since their use means 
that expensive equipment can be repaired right in ort 
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But then a problem arises. The specialists tn the field of 
space-based semiconductor materials science and space- 
based biotechnology have named the materials with 
which the transition to experimental industrial produc- 
tion should begin. The development of the units in which 
the manufacturing processes for the space-based indus- 
trial production of the materials can be perfected costs 
millions of rubles. But the space-based manufacturing of 
the materials also requires the development of special- 
ized spacecraft. The design for one such craft has been 
worked out in the Soviet Union—it is the Nika-T 
unmanned spacecraft. The cost of the new space vehicles 
exceeds the cost of the equipment by about two orders of 
magnitude; in other words, we are talking about tens and 
hundreds of millions of rubles. 


That is why the question arises, Who should finance this 
work? Until now, the development of nearly all space 
vehicles has oeen conducted at the enterprises of the 
Ministry of General Machine Building, with money 
allocated to it from the state budget. If the equipment- 
related risk proves worthwhile and the manufacture 
semiconductors and biological preparations is begun in 
space, then who will receive the profits from their 
sale—the Ministry of the Electronics Industry, ihe Min- 
istry of the Medical Industry, or some other department 
whose equipment is used to produce those materials? 
But that is not all. A department that receive unique 
semiconductor materials will produce equipment based 
on them, and the technical characteristics of that equip- 
ment will make it possible to sell the equipment for a 
high price. That, in turn, will provide the equipment’s 
developers with an even larger profit: instruments are 
several times more expensive than materials. It 1s not 
hard to continue this chain for as long as desired 


Under present-day conditions, that 1s a very serious 
problem: the state order remains, but, at the same time 
a profit has to be made, which 1s a market category. The 
resulting contradiction leads to the Ministry of General 
Machine Building not being economically interested in 
the developmen: of space systems for the manufacture of 
materials, while other departments see no reason to 
wn funds to the development of the 

responsible for other, entirely dif- 


ontribute their 
systems—tney al! 


ferent things 


solved in the West? Several years 
sed the organization of this work 
with L. Steg, who supervised ihe space research labora- 
ory of the American company, General Electric, at that 
ime. Steg formulated a simple and clear rule: “Scientific 
the expense of the state, tech 


How 1s this problen 


AZO one Or us dis 
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ology development is done at the expense of private 
apital.”’ That is precisely how such work 1s organized in 
the United States and other Western countries. Amer- 
an compa! ha had opportunities to conduct 
experiments aboard spa vehicles financed by NASA 
However, when it co! to perfecting manufacturing 
CES ympal onducting them have reim 
ed \ h , space Shuttle [hat 1s 

ym pat ke, for example, McDonnell Douglas 
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and Ortho Pharmaceutical did when they conducted 
experiments aboard the Space Shuttle in 1984 and 1985 
on obtaining ultrapure erythropoietin—a highly effec- 
tive agent for treating anemia 


The American companies that conducted the experi- 
ments and even trained their own astronaut for this 
purpose—C. Walker—spent a great deal of capital since 
they were counting on making $1 billion in profits within 
several years from the sale of the erythropoietin. In this 
instance, the equipment-related risk didn’t prove to be 
worthwhile—because of the Challenger accident in Jan- 
uary of 1986, the experiments were interrupted. The 
work was not continued with the resumption of the 
flights of the Space Shuttle in the fall of 1988, because, in 
the intervening period, competitors had mastered the 
manufacturing of pure erythropoietin on the ground 


Despite the equipment-related risk, American compa 
nies are spending considerable sums of money for the 
development of production equipment and unmanned 
orbital platforms designed for the manufacture of mate- 
rials. Similar work 1s evolving in Western Europe, Japan 
and Canada. In order to garner experience in the space 
technology field and solve individual production prob- 
lems (for example, growing protein crystals in weightless- 
ness), the Westerr specialists are conducting experi- 
ments, on a commercial basis, on Soviet and Chinese 
spacecraft 


The development of new space vehicles 1s not inexpen- 
sive. For example, the unmanned ISF (Industrial Space 
Facility), a man-tended platform for the manufacture of 
materials in space will cost $600 million, according to 
the estimates of the American companies Westinghouse 
and Space Industries, which are developing the platform 
The 10.8 kW output of the power plant aboard thi 
platform is high enough to ensure profitable manufac- 
ture of materials. The transport operations will be pro 
vided by the Space Shuttle. The launch of the ISI 
platform into space is planned for 199] 


In light of the large expenditures required for the devel 
opment of space companies are pur 
Suing the establishment of international consortiums to 
get the necessary capital. For example more than 100 
countries have formed the Intelsat international organ: 
velopment and opera 
ymmmunications system Gen 


systems. Western 


zation, which 1s engaged in the de 
tion Of a global -atellite 
eral questions of organization are decided by an 
assembly of the participants 


decided by a board of directors (the 


while current questions are 


board 18 composed 


of representatives from countries countries whose shares 
exceed 1.5 percent) The largest shares are held by the 
Lynited States (25 %). Great Britain (11%) and Franc 
(6%). The Intelsat ctem or ind stations are located 11 
more than tr 
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problem to use the international experience and estab- 
lish an interdepartmental consortium that would consist 
of Ministry of General Machine Building enterprises and 
Other departments interested in the manufacture of 
materials in space. Such a solution would reduce the 
equipment-related risk for the participants in the work 
would make it possible to select the best designs, and 
the personal interest of the various depart- 
ments in the solution of a problem and a fair distribution 


of the protit received 


would ensu! 


lelephones for Everyone 


Let us examine the second new, promising area of space 
research—the provision of telephone communications 
‘ntire country. In the Soviet Union. 15 million 
on a waiting list for the installation of a 
telephone. If, in the United States. there are 90 tel 
phones tor every 100 residents, there are 12 in our 


intrs [hat 1s why we 


people art 


have a problem providing 


communications—and it is one of the most 


acu Of our probiem«s 


space systems for the solution of 
that problem” That question was discussed in May of 


1989 at the meeting of the Presidium of the USSR 
Council of Ministers. The following project was pro 
posed: use the Energiya rocket to place into geosta- 
uionary orbit four heavy satellites, each weighing 18 tons 


(for purposes ol ymparison, the modern Gorizont com 


munications satellite weigl 5 tons). It estimated 
that a system made up of those satellites would be able t 
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whic would solve tl probviem of iong-distance commu 
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But even that is not all: our telephones and their tel 
phones are two different things. They have dozens of 
different kinds, including radio telephones with an ope: 
ating radius of dozens of kilometers and mobile tel 
phones—in private automobiles, for example—that pro 
vide immediate communications with any point on the 
globe (excepts for points in our country, of course), On 
can get any kind of information over the telephone o1 
order something from a store, after which the requested 
item 1s promptly sent to your home, et 
just a single solitary telephone; no one needs the dozens 
of telephones that adorn the desks of our leaders. None 
of these problems will be eliminated by sp; based 
telephone communications 


And all this with 


In light of the problem’s « omplexity, the USSR Coun 

of Ministers, for the first time in the histor f the 
domestic space program, is planning to hold a competi 
tion tor projects for a future communications systen 
Regardless of the outcome of the competition. there is n 
doubt that the launching of heavy platforms into geosta 
tionary orbit will open up fundamentally new possibi! 
ties for solving a whole range of national non 


problems 


As for the Ministry of Communications 
the proposal to use the Energiya rocket to solve th 


attitude toward 


problem of providing telephone communication the 
enti ountry, its le iders announced thei Wn readines: 
to make a final finding on the project in 1990. Mean 
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been chosen on the basis of the requirements for atmo 
spheric transparence, while the density of the micro- 
waves power within the area of the receiving antenna 
(230 W/sq m) has been chosen on the basis of consider- 
iwions of e ologi al safety outside the area 


Ihe design studies performed in the Soviet Union and 
abroad have identified the advantages of SSPPs over 
other nontraditional energy sources: SSPPs are ecologi- 
illy clean and sate; they conserve the Earth’s mineral 
resources, they are self-contained; and, in the future, 
they will be economically competitive with other energy 
[hese advantages were so appealing that pro 
posals appeared in the United States for sending the first 
full-sized SSPP into space as early as the 1990s 


Sources 


Later, however, objections were raised against haste in 
he objections involved, mainly, economic 

ynsiderations—the high cost of the transport operations 
for deliver:ng the SSPP’s components into space (for 
example, more than 1,000 flights of the Energiya rocket 
would be required) and the high prices for the energy 


this process 


erters. Those difficulties are, of course, extremely 
rious; but in the future, they may be overcome. Might 
this serve as the basis for the complete cessation of 


research? Apparently not. However, this research was 
wound down in the early 1980s in the United States and 
Western Europe. There has also been a clear drop in 


interest in the matter in the Soviet Union 


us compare the state of affairs regarding SSPPs and 

earch in another promising area involving the 
search for non-traditional energy sources—controlled 
reactions. Today, the situation in this 
irea is such: the cost of the experimental plants of the 
; being figured in the billions of dollars. Here 
is the assessment recently given on the state of affairs 
regarding head of the Soviet ther 
monuclear research program, USSR Academy of Sc: 
ences \ President Ye. P. Velikhov: “We have to be 
honest and not deceive ourselves or others—we still do 


this problem by the 


not have absolute proof that controlled thermonuclear 
fusior technically and economically feasible 
According to American estimates, the production of 
enereg the first commercial thermonuclear fusion 
reactor cannot be expected before the year 2020. Despite 
ill th fficulties, research on controlled thermonu 
ear reactions 1s being financed in all the developed 
intr \nd no one doubts that this 1s absolutely 
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country 1s quite strained. The possibilities for the con- 
struction of new hydroelectric power plants have almost 
been exhausted, the expansion of the network of nuclear 
electric power plants after Chernobyl requires a lot of 
caution, and the reserves of mineral energy resources are 
not limitless 


In Japan, for the period 1989-2005, plans have been 
made to implement a serious and well thought-out 
research program on SSPPs. In the first stage, in 1990, an 
autonomous platform with an $-kW solar power plant 1s 
to be inserted into near-Earth orbit. That platform 1s 
expected to be used to test right in space the structure’s 
basic components (the energy converters, the high- 
voltage solar battery, the electric rocket engines, etc.) 
The second stage, in 1997, will send a large platform with 
a 35-kilowatt power plant into space, and that platform 
will be used to conduct tests on the transmission of the 
microwave energy to the Earth and to the American 
Freedom station. The third stage (around the year 2002) 
will put a power plant capable of producing up to 10 MW 
of power into a geostationary orbit. For purposes of 
comparison, we would note that the power output of the 
world’s first nuclear electric power plant, in Obninsk 
was half that 


Why then, despite all that has been said, has research on 
the SSPPs not been supported in our country even with 
minimum financing, while it 1s continuing quite 
intensely in the West? It seems the basic reason ts in the 
difference in the organizational structure of the space 
program 


In Japan, no fewer than 200 private firms, including such 
large concerns as Mitsubishi, are involved in the devel 
opment of space systems. The Ministry of Trade and 
Industry is responsible tor coordinating the work, while 
the state financing 1s being accomplished through 
NASDA—the National Space Development Agency 
According to the statements of the Japanese themselves 
their approach to space research corresponds to estab 
lished traditions: initially, the goal is to assimilate the 
experience of others, and then it consists in moving 
forward in cooperation with the leaders in the sphere of 
cosmonautics. NASDA’s budget for 1986 amounted to 
$620 million 

In the Soviet Union, the situation 1s fundamentally 
different. A state organization responsible for drawing 
up common space programs ts lacking. Also lacking 1s 
centralized financing for the space programs drawn up 
by the departments. It 1s hardl: 
type of Organization oft work. th SSPP proble Mm turned 
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successors, who consider themselves to be Soviet special- 
ists in COSMoOnautics, have generally excluded that goal 
from their programs. Meanwhile, it is the Soviet Union 
that has abundant opportunities for experimental 
research on the SSPP problem. For example, it could use 
the Energiya-Buran transportation system for that 
Recently, interest in cooperation with the USSR in that 
field was displayed by specialists from the Japanese 
Institute of Space and Astronautical Science 


The examples we have examined for the solution of three 
large national economic problems through the use of 
space systems—space-based manufacturing, telephone 
communications for the entire country, and the supply of 
power to the Earth—show quite graphically that, apart 
from its organizational difficulties, the space program 1s, 
to an ever greater extent, beginning to experience diffi- 
culties of an even larger scale—the scale of organization 
of the country’s national economy as a whole. Those 
examples show that the present structure of the national 
economy—built according to the department principle 
and, in essence, as yet too little touched by the processes 
of perestroyka—may play the role of an obstacle to 
further growth in the rate of return of space research 


[he way to surmount these difficulties should, perhaps, 
be sought on the path to the establishment of a single 
State organization that would handle the financing of 
scientific and national economic space research and 
would report directly to the USSR Council of Ministers 
and to the Supreme Soviet, which would approve its 
budget, and on the path to the creation of interdepart- 
mental consortia established on a temporary basis to 
solve especially large national economic problems. The 
first step toward the establishment of this type of orga- 
nization has already been taken—USSR Glavkosmos 
was established, and it 1s responsible for the organization 
of space research in the interests of science and the 
t would be advisable to take 
the second step as well, making Glavkosmos directly 
USSR Council Ministers and 
commissioning it to prepare the proposals for the 
financing of the State Interdepartn Program for the 

s also forming 
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three points amounts to around halt of NASA’s proposed 
budget for the years 1991-2000—space transportation 
systems are very expensive 


The first point pertains to the Space Shuttle space 
iransportation system, it use, and its improvement In 
the Soviet press, that system has been criticized repeat- 
edly and in every way possible. However, after the 
advent in the Soviet Union of the Buran space plane, 
which looks very much like the American “‘space shut- 
tle’ on the outside, puzzled voices began to resound 
trom the pages of our newspapers, asking what was going 
on here 


There are major differences between the Space Shuttle 
and the Energiya-Buran system. First, in the Space 
Shuttle’s case, there 1s no launch vehicle, engines have 
been installed directly on the orbiter, and the core unit 1s 
a pod-type engine unit. In contrast, the Soviet system 
consists of two independent items—the Energiya rocket 
with a lift capacity of 105 tons, and the Buran orbiter 


Second, the Shuttle orbiter can fly only as a manned 
craft. while Buran can fly manned or unmanned 


Third, the Shuttle’s first stage uses solid-propellant 
boosters, whose discharges are several thousands of 
times more destructive to the atmosphere’s ozone layer 
than are the high-power fuels (oxygen, hydrogen, and 
kerosene) that are used in the Energiya rocket, which, in 
ecological terms, are considerably cleaner 


In developing the Space Shuttle, the American designers 
had tow things in mind: to reduce the unit costs for 
sending payloads into space and to ensure the return of 
those cargoes to the ground so that they could be used 
again. However, the need to send into space not only a 
payload, but also a spacecraft with a large mass (largé 
compared with an expendable rocket with the same lift 
capacity) meant that they could not solve the first 
problem. A Space Shuttle flight costs $300 million, and 
putting | kilogram of cargo into orbit costs $6,600 


In developing our Buran orbiter, the first problem was 
not addressed, inasmuch as the Soviet | 
fleet of cheaper expendable rockets capable of inserting a 
payload of up to 20 tons into a near-Earth orbit (the 
Proton rocket). The second probl m was addressed and 
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lt is not surprising, therefore, that work is being con 
ducted intensively abroad on the development of space 
transportation systems that are considerably more eco 
nomical. In the United States, primary attention 1s being 
devoted to two such projects—the aerospace plane and 
the Pegasus rocket, which will be launched from an 
aircraft 


Work on an aerospace plane is being conducted not onl 

in the United States, but also in other countries—in the 
FRG, France, England and Japan. In the United States 
the work 1s being performed in the National Aero-Space 
Plane (NASP) project. The aerospace plane is expected 
to be able to deliver a 9-ton cargo into a near-Earth 
reference orbit at a cost of around $1,000 per kilogram 
For the aerospace plane’s flight tests, three X-30 exper 

imental aircraft are being developed. The development 
of the aerospace plane requires solving a large number of 
materials-science and manufacturing problems. The cost 
of the NASP program is estimated at $17 billion. It 1s 
being financed jointly by the Department of Detense 
NASA, and private firms 


In the FRG 
ducting the work on the 
aerospace plane. That aircraft is designed to solve two 
putting the space plane (4 cosmonauts and a 


Messerschmitt-Boelkow-Blohm is con 
development of the Sanger 


problems 
4-ton cargo, or a | 5-ton cargo) into space, and providing 
intercontinental flights at a hypersonic speed of around 
§$ OOO km/ht [he Sange! 1crospace plan s test flights 
are scheduled for 1998 


In France, Aerospatiale and Dassault-Bregnet, with th 
participation of around 100 French, German and Italian 
companies, are developing the Hermes orbital plan 
which will be launched by the Ariane-5 rocket. The st 
of the project is around $5 billion. The Hermes system 
will make it possible to peri¢ t the pring ple of tn 
plane and, in many instances, will also obviat 
1 to use the Shuttle as a transportation systen 
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According to estimates, the cost of a single flight of the 
aerospace plane will be $9 million, and the cost of 
inserting a cargo into orbit will be $300 per kilogram, 
which 1s cheaper than using the Space Shuttle by a factor 
of 20. The aerospace plane will be able to perform 
40-160 flights a year 


[he main advantage of the Pegasus rocket, which 1s 
being developed by Orbital Science and Hercules Aero 
space, 1s that 1t will reduce the cost of delivering cargoes 
into a near-Earth orbit to one-third of the cost associated 
with existing launch vehicles. The launch of the Pegasus 
is Slated for 1995 


[he development of new classes of space transportation 
systems will sharply expand the possibilities for solving 
many scientific and national economic problems. In 
evaluating the developing situation, which will exert a 
great deal of influence on the space market, one should 
note that, undoubtedly, the aerospace plane will also be 
widely used in solving various military problems 


(ne more class of new space transportation systems, the 
development of which 1s being conducted in the West, 1s 
the ALS heavy-lift launch vehicle with a lift capacity of 
around 70 tons. It 1s supposed to lower the cost of 
delivering cargoes into a near-Earth orbit to about $600 
per kilogram. Participating in the rocket’s development 
are ihe American companies Boeing, General Dynamics 
Martin Marietta and McDonnell Douglas. The first 
launch 1s expected to be possible in 1996 


What is the reaction of the Soviet Union to these new 
developments? We already have a heavy-lift launch 
vehicle—the Energiya. The space-plane projects have 
long been of interest to Soviet specialists, too. One of the 
overseeing the work on the development of the 
Buran space plane, G. Ye. Lozino-Lozinskiy, has pro 
posed a winged reusable system in which the first stage 
would be the powerful Soviet Mriya aircraft, and 
attached to it as the second stage would be an orbital 
plane with an external tank. Such a system would be able 
to put a cargo of up to 7 tons into space in the manned 
ersion and up to 8 tons in the unmanned version. The 
external tank would be the only expendable component 


peopl 


in tre ystem 
rhe future will tell how things will actually develop. We 
would like, however, to express the hope that the Soviet 
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Mars, the base on Phobos, and the base on Mars. In 
purely propagandistic terms, the development of cosmo- 
nautics, in the public consciousness, is associated prima- 
rily with that sequence of stages 


[he Freedom orbital station being developed in the 
United States will be a grandiose multipurpose space 
complex. The station will be serviced by the Space 
Shuttle fleet 


[he development of the first-stage orbital station 1s 
slated tor the mid-1990s. Its assembly will require 10-11 
Space Shuttle flights, and it will consist of nine sealed 
modules and a heavy-duty frame that will be 100-120 
meters long and on which will be placed a 75-kW power 
plant. The station will weigh 180-225 tons. Over the 
course of the next 10 years of the station’s use, there will 
be a gradual increase in the volume of the sealed modules 
(to 330 cubic meters from 110) and in the output 
capacity of the power plant (up to 375 kW). 


In addition to the modules, the station’s complex will 
include autonomous platforms not rigidly connected to 
it and located in various orbits. These platforms will 
dramatically expand the capabilities of the orbital com- 


plex asada whole 


The next special feature of the orbital station project 1s 
the fact that the work on it 1s being conducted within the 
framework of international cooperation. The countries 
of Western Europe involved in the station are developing 
Eureka-type autonomous platforms for experiments in 
weightlessness, their own sealed module, and, in the long 
run, their own Columbus station. Also developing their 
own modules are Japan and Canada, which, moreover, 1s 
designing the robot arm for assembly operations on the 
Station 


There 1s no doubt whatsoever that manned orbital sta- 
tions are needed—that has been shown most clearly by 
the USSR’s experience in the operation of the Salyut and 
Mir stations. But here is the question: How justifiable 
are the characteristics of the American project, which are 
so high and are raising the price of its implementation 
enormously? Indeed, it means the curtailment of other 
urgent space programs, for which there 1s now not 
enough money. It 1s not surprising that objections to the 
project chosen for the station are being raised in the 
Linited States by such competent specialists in spac 
research as J. Van Allen, who correctly noted that all the 
major discoveries in space have been made with 


unmanned. and not manned. spacecraft 


The American specialists who advocate the project have 
stated this An rbital station 
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1. Performance of integrated basic, applied and manu 
facturing research. 


2. Unique astronomical and astrophysical observations 


3. Servicing of satellites, assembly and repair of space 
vehicles 


4. Remote sensing of the Earth 


5. Use of the station as a space base, storage of fuel 
payloads, etc. 


6. Commercial manufacturing of materials 


7. Research in the field of space medicine and biology 


8. Servicing of missions to the Moon and Mars 


There is no doubt that this is a very serious program 
However, inany, if not most, of the objectives listed can 
be achieved with much cheaper unmanned spacecraft 
The urgency of of other objectives—for example, the 
mission to Mars—is arguable 


However, the last thing we want to do 1s to be telling the 
American specialists which program for the research and 
development of space they should choose. All the more 
sO since, according to the latest reports, the U.S. Con 
gress 1S contemplating a substantial reduction in appro 
priations for the Freedom program. We are taced with 
dealing with a different problem: what our country’s 
response to this new American challenge should be 


But, first, one comment of a general nature. We hav 
already said that the American space program 1s an 
extremely profitable business. And we noted one impor 
tant circumstance: the American companies receiv 
most of their profits by using the spac 
scientific and technical potential—which, for the most 
part, has been created with the taxpavers’ money—t 
sharply increase the efficiency of the manufa 
processes in the most diverse sectors of industry. In the 
final tally, those same taxpayers (plus, of course, th 
companies of the aerospace complex) benefit tron 


program 


luring 


That mechanism has worked out so well in their country 
that we would like to express one paradoxical thought: if 
the United States were to undertake the development of 
a perpetual motion machine—something that, of cours¢ 


is absolutely impossible—then that project would 
produce a large profit for them. That 1s because, in th 
course of the work, they would probably suc fou 
developing new materials, technologies, and instrument 
that would have numerous practical applications. That 
property of the Western economic system 1s proot of 
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must be guided primarily by the requirement of imme- 
liate success for the space programs. During the televi- 
ist already mentioned, Minister of General 
Building O. N. Shishkin framed that thought 


sion broad 


Ma in 


with utmost clarity: 1f a proposed program does not 
itisty the interests of society, and there 1s no demand 

then it has to be abandoned. 

In the field of manned flights and orbital stations, the 


Soviet Union is steadfastly maintaining world preemi- 
\nd the American specialists are aiming to over- 
country in this field. The Soviet Mir station— 
the first of a new generation—has been in near-Earth 
February 1986, and its main distinguishing 
the modular principle of its construction. That 
le Same principle that the Americans intend to use as 
the basis tor their Freedom station. 


take Our 
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past four years, the Mir station has been the 
cus of a large volume of scientific and national eco- 
mic research, and a number of new systems have been 
developed for supporting the operation of the station (a 
stabilized spacecraft attitude-control system that 
imes no tuel: a unified attitude-control system; a 
promising life-support system; and a “space motor- 
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| ults have been produced in the study of the 
Sul va 1987 A. A large volume of photographs has 
taken on an order from the Priroda State Center. A 
cycles of new manufacturing experiments 
conducted 
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that the designers are getting ready to replace it with a 
new station. If that new station 1s launched in the next 
few years, it will most likely be a somewhat improved, 
modified version of the current station. 


And how do our planners see the future orbital complex? 
Here 1s what is being reported on that matter in a 
brochure published by Glavkosmos: the complex will 
weigh 200-300 tons, its power supply will an output 
capacity of 150-200 kW, and it will have a crew of 9-12 
people. The transportation operations will be performed 
by the Energiya-Buran system 


It 1s easy to see that our future orbital complex is in no 
way inferior to the American orbital station in terms of 
technical specifications. Aiso similar is the list of objec- 
tive it 1s expected to achieve 


1. Basic scientific and applied research. 
2. Servicing of space vehicles 
3. Erection and assembly of large space structures. 


4. Development of components of new space systems for 
development of the Moon and research on Mars. 


As is evident, the Soviet space program 1s not about to 
lose to its Western competitors the competition in the 
field of manned flights. But here it 1s necessary to express 
one important reservation: that competition 1s not the 
No. | priority among the objectives of the Soviet space 
program. Nor is it the No. 2 priority. Our main concerns 
are elsewhere—we must see to it that space research 
yields as high a return as possible. Above, we have 
examined in sufficient detail the paths that, in our 
opinion, will take us to that goal 


The Soviet plans in the field of manned flights satisfy 
that requirement: the implementation of the project for 
the future orbital complex has been moved to a time 
much later than that of the U.S. plans—to the period 
2000-2005. In light of the current state of our economic 
system, that 1s, undoubtedly, a wise decision 


Summing It All Up 


In turning to the summation, let us recall the words K.f 
Tsiolkovskiy wrote at the very beginning of the century 
in his unpublished work “Ethics or the Natural Founda- 
tions of Morality” 


\ great many urgent problems cannot be solved 
right now, whereas life demands that they be solved, 
no matter what the cost. Hence, the need...to have 
firm. staunch views and solutions of difficult prob- 
lems, so as not to be running 1n place, but rather to 


move forward, even if on a risky path.” 
Ihe problem that this paper has addressed 1s this—to 
anal v7e the possibl naths and means tor in¢ reasing the 
space program’s return to the national economy. The 
iitempted to find not so much originat 
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tor the stated problem—as they have tried to find 
practical recommendations. Briefly, those recommenda- 
tions look like this 


¢ further intensify the processes of democratization 
and glasnost in the planning and conduct of space 
research 


expand substantially the information on the aero- 
space potential 


continue the step-by-step reduction oi the military 
space potential of the opposing sides within the 
framework of the concept of adequate security 


* give priority to the national economic areas of the 
space program 


space program’s technology to the national economy 


¢ apply the scientific and production potential of the 
aerospace complex directly to the solution of urgent 
national economic problems 


improve the organizational structure of the aero- 
space complex, to include subdividing enterprises, 
switching them to leasing conditions, and creating 
interdepartmental and international associations 


further optimize space programs by increasing their 
scientific and applied return 


the USSR Supreme Soviet should confirm the State 
Program for the Development of the Space Program 


establish a USSR Council of Ministers’ State Com- 
mittee for Space Research tn order to consolidate the 
financing of the efforts of the academies of sciences, 
the sector ministries, and other departments 


And a final comment. In completing a work devoted to 
sO complicated a question as the determination of the 
prospects for the development of the space program, the 
authors believe least of all that, apart from their views, 
there are no other proposals to be made. The only thing 
on which they insist 1s that, in our rapidly changing 
world, this question be discussed in the most serious 
fashion. The authors would like to hope that their work 
will help to determine the best paths for further devel- 
oping Our space program and for increasing its return 


Leonov Discusses Costs, Benefits of Space 
Program 

Y07Q000794 Moscow KRASNAYA ZVEZDA tn Russian 
!2 Apr 90 First Edition p 4 


(Interview with Major General of Aviation Aleksey 
Arkhipovich Leonovy chief of the Cosmonaut 
Training Center imeni Yu. A. Gagarin, Pilot-Cosmonaut 
of the USSR and Twice Hero of the Soviet Union, by 
KRASNAYA ZVEZDA correspondent Colonel M 
Rebrov The Space Program Is the Call of the Times” 


deputy 


date and place of interview not given] 
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[Text] On the eve of the Space Program Day, our corre- 
spondent [Colonel M. Rebrov| met with the deputy chief of 
the Cosmonaut Training Center imeni Yu.A. Gagarin, 
Pilot-Cosmonaut of the USSR and Twice Hero of the 
Soviet Union, Major General of Aviation Aleksey 
Arkhipovich Leonov and asked him to respond to ques- 
tions from the newspaper's readers. 


[Rebrov] Aleksey Arkhipovich, over the years which 
have passed since Gagarin’s launch, we have become so 
used to the reports about launches of rockets, satellites 
ships and orbital and interplanetary stations. The invol- 
untary delight from the first steps into the mysterious 
universe has gradually given way to a more restrained, 
but profoundly intelligent feeling of admiration for 
nature’s scientific feat. But then came a period of attacks 
on our space programs, their creators and their partici- 
pants and even on cosmonautics itself. To what extent 1s 
all this fair? 


{Leonov] I would not want to find myself in the position 
of the defenders and deflect all the claims which have 
been heard lately. In such a complicated and very 
difficult matter as the exploitation of space, there may be 
and, unfortunately, there are, errors and miscalculations 
and not always correct decisions. Let us define the main 
goal: why and for what? In the program for each Soviet 
space experiment, there is the practical embodiment of 
the predominant principle, “Space in the service of 
man!” In the space program of our days, the interests of 
science and industry and the purely theoretical and the 
practical problems merged. It, if you will, 1s becoming 
more and more confidently part of the sectors of the 
country’s national economy. Such a concept as space 
industry has even been firmly established 


[Rebrov] But today, a tough demand is being made on 
each sector—to be profitable and economically effi 
cient 


[Leonov] And this 1s fair. Let us look at the conducted 
space research, at the work of the crews on the Mir 
orbital complex and at other programs through the prism 
of expenditures and return 


It has been calculated that the expenditures for the sixth 
mission to Mir—the one being carried out now by A 
Solovyev and A. Balandin—including the expenditures 
for ground support, amount to 80-90 million rubl 

Calculations have also been made of the expected eco 
nomic impact. If the program ts carried out completely 
we will receive 105-108 million [rubles]. What makes up 
this return? First of all, it is produceu by the experiments 


conducted on board the station and the modules. Th 
manufacturing devices in space make 1t possible to reach 
the level of experimental industrial production of unique 
semiconductor crystals, which are so necessary for the 
electronics, radio engineering and even detense sectors 
of the national economy 

Further. A space photograph 1s less expen DY a factor 
of 5-10 than an aerial photograph of the same area. Over 


the time of the existence of spac 
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unmanned ones, the economic impact from the photo- 
graphs made from orbit amounted to | billion 200 
million rubles. Let us add to this such figures as: the 
economic impact from the use of space-based communi- 
cations systems, meteorology systems, natural resource 
Study systems, navigation systems and others in the past 


year exceeded the expenditures for them by a factor of 


1.5. 


At times, it 1s thought that all the work in space 1s being 
performed on behalf of only three organizations: the 
Academy of Sciences, the NPO Energiya [Energy Scien- 
tific Production Association] and the Cosmonaut 
Training Center. This is highly erroneous. More than 
900 organizations and departments are consumers of the 
information obtained from space. 


{Rebrov] Aleksey Arkhipovich, in letters to the editor, 
our readers frequently raise the question: how much does 
the Soyuz spaceship cost? 


{Leonov] The Soyuz has a lot of modified versions. The 
equipment ts being developed so swiftly today that, with 
each new ship, something new also appears in its equip- 
ment and instrumentation and the individual on-board 
instruments and systems are being improved. This, nat- 
urally, also affects the cost. | am hard put to name a 
precise figure—but this is precisely what you are inter- 
ested in—therefore, I will say for comparison: it 1s no 
more expensive than a Tu-154 airliner. 


{[Rebrov] Something more regarding the expenditures 
You talked about the economic efficiency of the cur- 
rently working mission. Its period for staying in orbit 
ends in July-August. But there are programs which are 
more prolonged, longer-term. Among them are Energiya 
and Buran. What are the total expenditures for space? 


{Leonov] The expenditures for national economic space 
are around 2 billion rubles, around 4 billion for military 
space and approximately |.3 billion rubles for the reus- 
able Buran space s\stem... If 1am mistaken, I assure you, 
it is not by much. All together, these expenditures are 
around 7 billion [rubles]. 


[Rebrov] Could you compare our expenditures with 
what 1s spent yearly by the U.S. National Aeronautics 
and Space Administration? 


{Leonov] In comparison with the current year, the White 
House is planning to increase the allocations for the 
needs of the U.S. space department by 2.9 billion dollars 
and raise them to 15.2 billion [dollars]. Also in the draft 
a request is being made for 1.3 billion dollars for the 
implementation of a new space research program, which 
in the end, will make it possible to carry out missions to 
the Moon and Mars 


[Rebrov] Aleksey Arkhipovich, on the eve of the holiday 
! would not like to talk about negative expressions such 
as the “Award for the Supreme Test” for the space 


explorers, but 
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{[Leonov] | understand. It is difficult to grasp the idea in 
this criticism, but I will try to explain. In my opinion, the 
main trouble with this type of critics is the fact that we 
are not, by far, telling everything about the cosmonauts’ 
complicated and dangerous work. 


Let us recall at least the fire on the launch pad and the 
firing of the emergency rescue system of the ship in 
which V. Titov and G. Strekalov were. KRASNAYA 
ZVEZDA told about this, but not on the following day, 
rather, much later. 


[Rebrov] Let us sum up our conversation. The most 
memorable landmarks of the traversed path... 


{[Leonov] Gagarin’s flight. And not just the fact that, for 
the first time, man burst into still completely unknown 
and hostile space. This was a great beginning. 


But there have been a lot of memorable landmarks. On 
the other hand, why just “have been’’? | am convinced 
that there “will be” also. The space program of 
tomorrow 1s the subject of the research and reflections of 
scientists, engineers, Cosmonauts, journalists and sci- 
ence-fiction writers, a unique synthesis of scientific and 
technical predictions and ideas, which are “forming” our 
space tomorrow from the successes of today’s cosmo- 
nauts. And these successes exist, let us be objective... 


You correctly noted that we have become accustomed to 
space flights. Time ts taking its toll and they, naturally, 
have ceased to be a sensation. But are we not looking a 
little too prosaically at what 1s occurring? Just consider: 
could people 200, 100 or even 50 years ago really have 
imagined what events would excite the world, beginning 
with the second half of the 20th Century? Indeed, we 
have achieved what our forefathers could only dream 
about and create legends and myths. But now, fre- 
quently, fascinating dreams and their realization go 
side-by-side. The space program ts the call of the time. 


Cosmonaut Savinykh on Benefits From Space 
Program, Status of Space Budget 


90700085 Moscow SOVETSKIY PATRIOT in Russian 
No 12, Mar 90 p 11 


(Interview with Viktor Petrovich Savinykh, USSR Pilot- 
Cosmonaut, twice Hero of the Soviet Union, rector of 
the Moscow Geodesy, Aerial Photography and Cartog- 
raphy Engineers Institute, and USSR People’s Deputy, 
by SOVETSKIY PATRIOT correspondent Galina 
Sedvkh. under the rubric “Interview About a Problem” 
“Do We Need Space?”’; first two paragraphs are source 
introduction] 


[Text] Previously, we knew only when a spacecraft took 
off, when it landed, and that the cosmonaut received the 
Hero's Star. And that was all. The people rejoiced. Today. 
we know that just one minute of space communications 
costs 40,000 rubles... The people have begun to grumble— 
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they are discontented: our money is going somewhere, but 
what benefit are we getting from space, or are we getting 
any benefit at all? 


We interviewed Viktor Petrovich Savinykh, USSR Pilot- 
Cosmonaut, twice Hero of the Soviet Union, rector of the 
Moscow Geodesy, Aerial Photography and Cartography 
Engineers Institute, and USSR People’s Deputy. 


[Savinykh] Recently, we, and even the space program in 
general, have been criticized in every way possible. But I 
would like to take this opportunity to express my own 
point of view. Take the past year, for example: the Mir 
station is operating, the new Kvant-2 module has been 
delivered to it and is transferred to the docking assembly 
where it 1s supposed to be. The other day, work was 
performed on undocking of the spectral and photo- 
graphic equipment which was sent into orbit so that 
space could give something back to the Earth. One more 
module will soon be sent into orbit. It also was placed on 
a cycle of preparations for flight in 1989 and its tasking 
includes an extensive program, especially in materials 
science. On this manufacturing module are several elec- 
tric furnaces, the purpose of which is to melt billets 
delivered from Earth and to obtain superpure crystals in 
the greatest quantity. After all, they are so necessary in 
the radio electronics industry. 


[Sedykh] Viktor Petrovich, just how much does such a 
module cost? 


[Savinykh] I don’t know exactly. Roughly, with a full 
complement of equipment, it can be estimated to be 
somewhere around 500 million rubles. 


{Sedykh] Is space so profitable? What does it give to the 
individual, the national economy and the country as a 
whole? 


{Savinykh] If we are talking about it as we would about 
an enterprise, in which money ts invested and which 1s 
supposed to turn out products, then it ts still unprofit- 
able, because this 1s not mass production. However, | 
want to emphasize that we should be thinking about the 
future 


{Sedykh] But, forgive me, Viktor Petrovich, the space era 
began in °57, and we have been thinking about the future 
tor three decades now. 


[Savinykh] Yes, in fact, many years have passed. And all 
this time, we have been moving forward. Today, we have 


forgotten about the fact that the entire Far East and all of 


Siberia are watching their first and second television 
programs, and there are telephone communications via 
space-based satellites. So, if you consider that, then there 
is a contribution. Furthermore, today, a map (with a 
scale of 1:25,000) of the entire country has been made, 
and that was possible thanks only to space-based pho- 
tography, because you can’t photograph the entire 
country by any other means. What’s more, if a space 
photograph of | square kilometer costs from 10 to 20 
kopecks, an aerial photograph costs | ruble 40 kopecks 
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In the first place, the savings over a year 1s 1.5 million 
rubles, 1.e., it is cheaper by a factor of seven. In the 
second place, we can make any maps faster. 


All this ts greatly needed by our people. As proof, let me 
say that the maps given to us by space three months 
before the tragedy in Armenia showed that the intense 
vibrations in this region had raised the ground surface 
several centimeters 


Today, we should look at the space program in terms of 
common, global development. What has it given not just 
to our country, but also to the entire world? It 1s giving 
more to the entire world than to us because now the 
entire world is actively pursuing a space program. For 
example, Japan is getting ready to establish a Moon base 
in 1990, while we are saying that money for space must 
be cut back... 


Many of the things which we were the first to discover we 
did not advance, for a number of reasons. And today, 
everyone thinks that since there 1s no direct return from 
space (we are spending |.5 billion rubles a year), then, we 
need to take away the money. They are flying, admiring 
the stars and spoiling the weather, but it makes no sense, 
the man on the streei is thinking. Those maps and 
photographs which we made from space are still class!- 
fied. Yet, at the same time, we are selling them abroad, 
for they are the best photographs in the world, with a 
resolution of 5 meters to the centimeter. The Americans 
are photographing at 15 meters to the centimeter, and 
the French, at somewhere around 10 meters 


As for continuous ecological monitoring of the planet, 
that can be done only from space. The satellites fly and 
transmit information to the ground to a specified center. 
But small stations need to be set up all across the 
country—radio beacons which react, for example, only 
to the discharge of gas in a city or to radioactivity. Their 
signal goes up to a Satellite and then from the satellite 
down to the center. In a word, what occurred in Kam- 
chatka would be known 1n Moscow 5 minutes later. With 
such global space communications, it would be possible 
to have complete monitoring 


[Sedykh] But when will that be done? 


[Savinykh] The plans are being worked out, but, again, 
money 1s needed for it 


[Sedykh] Viktor Petrovich, in your opinion, what 1s the 
State of space affairs in the United States and in ou! 
country? Although we were first, they have the Shuttle 
They repair their own stations and have flown to the 
Moon, but what about us? 


[Savinykh] They have the Shuttle, and we have Buran 
We developed the very same system, although somewhat 
later, because we didn’t need it. What pushed us toward 
the development of Buran was the fact that the Amer! 
cans had such a system. And also the ambitions of our 
highest leaders, especially those in the militar 
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lhe Americans are thinking all the time about the same 
direction we pursued: the path of research using manned 
stations. They intend to set up the Freedom station by 
1995, and it will perform the same tasks that we are now 
performing on the Mir station. 


We have solved the problem of the duration of the 
flights. And not just for getting the bugs out of the 
control and power-supply systems, but also for finding 
out how long a person can work 1n orbit. And that is an 
enormous leap forward. 


Today, the Americans do not have any systems other 
than the Shuttle. They have launched several satellites 
using Chinese rockets. The telescope that was made in 
the United States has yet to be launched. Its turn has not 
come. And, considering the large cargo manifest, it 1s 
Significant for them. 


Yes, the Americans have flown to the Moon. But here, 
too, there are subtle differences. We made the first 
satellite; ours was the first man in space, Gagarin; ours 
was the first spacewalk... And the list goes on. But the 
\mericans are the kind of people who have to be first, no 
matter where it 1s. They mustered all their forces and 
made the usual dash. After all, back then there really was 
a competition between the systems. So the landing on the 
Moon became their national program. 


Back then, S. P. Korolev was also working on spacecraft 
for a flight to the Moon. We had a lunar program which 
was working in two areas: one chief designer was making 
the rocket and the craft for circumlunar flight, while the 
other, Korolev, was making the vehicle for landing on 
the Moon. But Sergey Pavlovich, an obvious leader 
died, and they shut down the program, although several! 
Zond-type craft did fly around the Moon and land on it. 
before the Americans. Moreover, a shuttle-type project 
was ready in the sixties. So the idea 1s not new. But, 
again, they shut down the program. They considered 11 
unnecessary 


{Sedykh] Does that mean that we are, all the same, ahead 
of the United States? 


{Savinykh] We are not engaged in a competition—it 1s 
simply that, in many aspects, we are having greater 
success. | want to add that our Buran has an automat 
landing system, while the Americans are saying that it 
will be several years before they can land their own 
shuttle with automatic equipment 

(Sedykh] Viktor Petrovich, there were discussions in the 
Congress about reducing the allocations for space. Why 
do you think such a proposal was made? Who will gain 
from it, and ts it really necessary” 


(Savinykh] During all the years of the space era, the topi 
of space was closed to the public, and there was no 


information of any kind, and that, I believe 
idea about reducing financing even emerged. The people 


is whv the 


weren't aware of what we were doing, how difficult th 


osmonauts’ work was, how complicated the path to tn 
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Stars was and what the price tag was for the developing of 
outer space. Here’s something for comparison. The Min- 
istry of Land Reclamation and Water Resources is 
annually sinking 18 billion rubles in the ground, con- 
ducting land reclamation where it 1s more advantageous 
to them and not to the country. The Aral Sea disap- 
peared “thanks” to the Ministry of Land Reclamation 
and Water Resources. And that’s certainly no secret. But 
1.5 billion rubles are being spent on space. They say that 
doesn’t matter—it’s a lot. And this year, what is most 
interesting 1s the fact that everyone’s funds have been 
cut, but land reclamation has again been given !0 billion 
rubles. Space will get, at best, | billion rubles for all 
development. 


Now our space industry is seeking orders and money. 
But not one capitalist country in the world has put its 
space program on a cost-accounting basis—they are all 
subsidized by the state. Global scientific research, | am 
convinced, should not be put on a cost-recovery basis 


All the sectors of the space program are quaking in their 
boots today—will they shut us down or not. The same 
goes for Buran... But, indeed, this ts a national question! 
And the state should decide. Judge for yourself who will 
gain from the cutting off of funding for the space 
programs. Today, the rates of development for science 
and technology are such that a year’s delay 1s equal to a 
lag of 10 years 


And there’s more. If the food program has been resolved 
three years ago, space wouldn't be an issue today. We 
would be working as before, and the people would 
support us, because they would all understand that it 1s 
necessary. But, of course, when a person 1s hungry, he 1s 
not interested in Mars. After all, crystals from space 
don't end up on the consumer's table. The Americans are 
recovering their own space expenditures by seeing to it 
that all the output goes for the needs of society. For 
example, the flight to the Moon gave an enormous push 
to the development of U.S. computer technology 


Ihe entire world 1s proceeding along the path of system- 
atic development of space technology and development 
of the Earth with spacecraft. Are we really going to be 
faced agains with what happened in the sixties, when 
programs were shut down and then we were accused of 
lagging behind” 


Problems of Space Program Financing, Launch 
Plans for 1990 

YO 7Q008 2 Voscow PRAVITELSTVENNYY VESTNIA 
in Russian No 15, Apr 90 (Stened to press 6 Apr YO) p 


] 

[Article by G. Lomanov: “Flights in Our Dreams and 
Flights While We’re Awake: What's the Purpose of Our 
Attempts to Go Beyond tne Planet's Boundaries? It Is 
Appropriate To Raise This Far-From-Idle Question on 
the Eve of the Space Program Day’’] 
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[Text] Judging by the articles in certain central newspa- 
pers, there is no issue more important in the space 
program today than the flight of a journalist to the Mir 
station. The hullabaloo began after USSR Glavkosmos 
signed a contract with a Japanese broadcasting company. 
The routine commercial deal greatly injured the self- 
esteem of many representatives of our press. That is very 
understandable—each wants to grab on to the Wheel of 
Fortune, although, of course, no one has said that 
outright. On the contrary, they have been appealing to 
the noblest feelings and, above all, to the readers’ patri- 
otism—the first journalist in orbit should be a Soviet 
journalist, not a Japanese journalist. A hail of reproaches 
has been rained down on USSR Glavkosmos: it is, they 
say, like the Biblical Esau, selling its first-born for a mess 
of pottage. 


All that talk smells strongly of the years of stagnation, 
when we haughtily proclaimed that the Soviet meter 1s 
the longesi meter in the world. But, if I may point out, if 
it’s really so necessary, for the sake of prestige, to again 
be “ahead of the entire planet,’ what the heck are you 
colleagues of mine getting so worked up about? Every- 
thing’s OK—a Soviet journalist has already been in 
space. In 1975, a member of our creative union, USSR 
Pilot-Cosmonaut V. Sevastyanov, worked for 63 days 
together with P. Klimuk aboard the Salyut-4 station. But 
those who want to make the very first tracks in the snow 
on the space path are stubbornly silent on that fact, 
apparently implying that Vitaliy Ivanovich’s member- 
ship in the USSR Union of Journalists is simply a matter 
of form. I dare say it’s not. He has been directing the 
show “Man, the Earth and the Universe” for many years, 
and there hasn’t been any drop-off of interest in it. He 
has a stack of published booklets and newspaper and 
magazine articles, and his shows and scripts have repext- 
edly won honors and prizes. But then in the end, neither 
an official position nor a diploma do a journalist make. 


In a word, no one is selling their first-born. And it’s not 
a mess of pottage which USSR Glavkosmos will receive 
for this deal, but rather, the impressive sum of $12 
million. The payments are already coming in, and the 
Japanese and Austrians have transferred more than two 
million rubles’ worth of hard currency to us. The USSR 
Ministry of General Machine Building spent half of this 
money on the purchase of equipment for the production 
of needles for disposable syringes. Why don’t we let the 
reader judge which is more important—the struggle 
against AIDS, or someone’s incessant ambitions? Inci- 
dentally, since the topic has come around to hard cur- 
rency, it won't hurt to recall how one former minister, in 
a polemical and patriotic fervor, even promised to 
earmark that currency for the flight of a Soviet corre- 
spondent. He promised it to spite stingy Glavkosmos 
“having forgotten”’ that the hard currency was earned 
not by him personally, but by the sector. I will not name 
names, especially since that minister is now in the 
forefront of the struggle for technical progress and, | 
hope, is evaluating the genuine and the imaginary prior- 
ities more sensibly 
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Go to any library, walk through the stacks, leaf through 
the newspaper file, and you'll see that mounds of boo! 
and thousands of articles and reports have been pub- 
lished about the space program. Everything has been 
written and re-written, yet the collections, which have 
made the authors and compilers happy, have not become 
best sellers and are quietly gathering dust on the shelves. 
What will one more reporter add to that? Will he tell us 
that our planet is round or show us how a pencil and a 
notebook float in weightlessness? The cosmonauts are 
handling that 1n the televised sessions. 


I understand the Japanese—a broadcasting company 
needs adveiiising, and it will pay for it. But what is 
happening with us? One of M. Gorkiy’s heroes said: “We 
will solve these space questions after we have solved the 
social ones. And it won't be just a few who will solve 
them—it will be millions of minds freed from the con- 
cern about where their next crust of bread will come 
from!” The founder of Socialist Realism erred—I mean, 
it turns out that we have begun solving the space 
problems before the social ones. Does that mean it’s 
acceptable now to gratify one’s ambition, knowing as we 
do how invalids and pensioners live, not to mention 
ordinary engineers burdened with families? Let’s think 
about the “crust of bread,” the disposable syringes, 
equipment for the food industry, and consumer goods, 
whose manufacture, by the way, is assigned to the 
Ministry of General Machine Building. Let’s criticize 
Glavkosomos not for the fact that it makes deals in 
flights and launches, but rather for the fact that it has still 
not expanded the commercial activities as it should. 


, 


But no, the hullabaloo is not subsiding, the “flight game’ 
is continuing, and the pressure on the space agency 1s 
intensifying. Reflecting on the situation, A. Leonov, the 
deputy chief of the Cosmonaut Training Center, wrote: 
“The cost of cargo (the results of the research that 's 
conducted on the orbital station), which, according to 
the plan, is supposed to be delivered to Earth on the 
return trip, is rated by specialists as being worth several 
tens of millions of rubles. Even with all our current 
mismanagement, exchanging it for “live cargo” can 
hardly be considered economically advisable.” 


Striving, in all probability, to “‘save face,” V. S. Gubarev, 
chairman of the Space Commission, has already raised 
the question of guilty parties in one recent article: 
“USSR Minister of General Machine Building Shishkin, 
Deputy Chairman of the USSR Council of Ministers 
Belousov, and, finally, the General Secretary of the 
CPSU Central Committee—these are the people you 
(those who have spoiled the flight of the Soviet journal- 
ist. —G. L.) are now placing 1n a awkward position 


“It appears that we don’t have to look very far for the 
‘culprits.’ It is the Space Commission itself, which, in 
attempting to ‘live’ on the credit issued by the head of 
our state, placed itself in opposition to those who head 
up Our space industry and space program.” Such 1s the 
opinion of a person who has devoted his entire life to 
space. And what do they think about that in the sector? 
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art You already know about the manned | hts, and | 


will add that the launch of the Japanese crew, at the 


request of the broadcasting company, has voeen post 
poned to 2 December. Now, regarding the unmanned 
vehicles. If everything goes well, the Kristall manufac 
turing module will go up to the station in April. An 
important event will be the launch of Almaz—for many 
ears, this name figured only in official doc uments. The 
vehicle was developed by V. Chelomey’s vuesign group 
and tew people knew that that machine operated success 
fully in orbit under the pseudonym Kosn.os-1870. The 
equipment aboard Almaz tor rf sensing of the Eartt 
makes it possible to produce images desoite the cloud 
over. Foreign partners are already disp a\ ing interest in 
such information 


‘Over the span of a year, five Resurs-type satellites will 
he placed into orpit all TY an order from the SSR 
Council of Ministers’ Main Administration for Geodesy 


and Cartography. Our newspapers reported that experts 
in the United States, after receiving the first ‘pictures 

had some doubts—perhaps thi were taken from an 
aircraft and not from space”? Alter all, the resolution is $ 
meters! There 1s always demand abroad for the photo 


graphs made by the Resurs satellite: 


‘Other satellites will a'so be launched: Okean O whict 
will monitor the state of th fields. a Foton: at 
Ekran-M television rela al ( ind, possIpDI\ ’ 
Meteor weather satellite. It iunci questionabdle 
there are such craft i roi { » SIMI that tw I 
them have exhausted their useful life, but are still oper 
ating. S tne iauncn wil lepend n tnelr nditior 
ally, any d ati from tt ich plan are 
1D apvtneg rment ag na oni ith tne 
permission a! idjustments mad \T i nel , 
the unlu (Gsamma-Ray Ob ato! I n nas peer 
n prepa ready | iD igi Ja At fir tn 
sect Win id [ il 
ori ’ igall [ mal tt f 
juip USSR Acader Scier Spa 
Resea tute and " int 
pants. Al} the same, we hope tnat tl ul A tak 
pla fur 
4 tT / DT vra tr oT 
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part KI th [ { the USSR 
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conditions. iIheir use on the 
useful life of any piece 


factors 


| ne vl 


proj OSalS 


onomi impact trom U 


may reach man\ 


ruble I he designers ¢ ‘timate that 
the 14 billion rubles spent on th 


Energiva-Buran system will be retu 


In a short period of time, the 


trated all spheres of socicty'’s life 


and culture. Space has become suc! 
our lives that we no longer notice tl 
of its services everyday. And those 


that the 
thinking about the tact 


pen: ‘ing for space be it | 


necessary to increase spending I 
research in the fields ot mmuni 
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entific program, Fobos, the purpose of 

vas to Study the Martian satellite, was never! 
il | 

ynclusions have been drawn. The 

rogram has been Drought into conformity with 


irrent Capacities and needs, all the unit 
tion are held more responsible for the 
monies that are allocated to them, and 
ts which can produce the greatest 


been accepted for realization 


yart of this year saw the publication of the 
levelopment of space equipment to be 
and national economy aims between 

i lt calls for step-by-step develop 

be used for various purposes, a 

ise in and elimination of the lag in the 
yf domestic space equipment behind the 


nterparts 


et mional economy and the Start up of 
rk | tutu realization of large-scal 
’ Wel is the « Kpansion of international! 
Ul ymmercial use of space equipment 
| tant tasks of th progran thy 
: at nt satellite for a hy 
+} 7 + space equipm« rt +} 
No! \ special place among 
{the Earth s natural res 
i that area 1S ta sting 
| i p du IO! i 
{t, e monite r ool 
VT h has he ry e Y ' 
re | Tr} rorma rT ; 
, T ’ ; 
; ning inograp! i 
n yn. Suck forma 
rt rig ryi\ i 
L SSK t pa 
} ; r = 0 
1} Tt } ‘ ; i j 
ipo al f la 
mnt ott Re | 
i I la [ 1 nig pa 
ry grat Hor 
' prapDl 


fuller satisfaction of the needs 


SPACE POLICY, ADMINISTRATION 79 


and the anthropogenic impact on the environment. At 


the same time, for reference, a photograph 1s made of the 


( elestial sk y 


I he Meteor urrentls engaged in the 


ollection OT global 1) yrological information 


Launch ha also begun of the third-generation 
weather satellites, the Meteor-3 series, which have equip 


ment that is more advanced. From an altitude of 1,25! 


kilometers, the in survey the entire surtace of th 
Farth. In the interests of hydrometeorology. it 1s being 
proposed that there be a step-by-step expansion oF th 
IMmMpo ition OF lhe ynboard quipment ind al mprove 
ment of the equipment parameter 
Aliso being pl inned th aunch of a geostational 
weather sateliit ith television equipment for pro 
ducing images in the Ib ind intrared band f the 
cctrum. It will collect data on the distribution of th 
oud cove! ne juatoria [ lemperat latitud 
Uf lluminated and dark d if the Earth. as wel 
lata on wind t nd d tion oF , thre 
Th Ot ttl ry | 
isu | itil } ' , { 
b | na ' 7 being op ited | 
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eusable transport 


al + fic continue on the Mir station, What will be suntries have developes 
nev monaut activities 18 the maintenance ol evetems and launch vehic'cs and have mastered the 
jutoma facilities intended for various Purposes which in-orbit assem! f complicated large-s ale complexes 
vill ha b leveloped on the basis of large-scal The combined fic and technical potential of the 
sfructul LISSR, the | States ind the countries of the 
European Spa Agen ikes it possible, trom the 
ne proj being proposed 1 a future, perma technical standpo yta.k about a mi n to Mars as 
mnt | j ¢ mbit i! Omp nat is ynsiderably , \ | , ‘ { vei ble 
arger than th Mir station in and I \ lis has 
mpon i ise u with a large number of docking 
' Rut the Ma sion, Db Ls Cl far exceeds 
issem| il | snable various modules and cargo 
anything that | ever been done in a space program 
and transport Wt to NK Ul vith it. It wall have a rather ’ 
, cording to U Amel in timal ihe spending i 
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Semenov Discusses Benefits Krom Mir Program, 
Shuitle Versus ELVs, Conversion 

YO7QO0091 Kiev PRAVDA UKRAINY in Russian 

|? Apr YO p 4 


Pavlovich semenos general 


~> 


lInterview with Yur 


designet f the Scientith roduction Association 
Socialist Labor and recipient of th 
Lenin and State prizes, by PRAVDA UKRAINY corre 
spondents N. Mikhaylov and G. Nikolayenko, under the 
rubric ‘Today Is the Space Program Day”: “Who Needs 


Space’: Yu. P. Semenov, General Designer of the Scien 


Energiva, Hero of 


tific Production Association Energiya, Responds to This 
and Ot 


paragraphs ar 


er Questions tor This Newspaper ; first two 


source introduction} 


[Text] When the Earth's first artificial satellite was 
launched in October of 1957 from a Soviet cosmodrome, 
Yuriy Semenov was doing his practical work for his degree 
in Dnepropetrovsk, in Vi. K. Yangel’s design bureau. 
When the first man went into space in April of 1961, Yu 
P. Semenov was a young specialist at that design bureau 
Over the three decades that have passed since that time, 
the space program has moved far ahead and has become 
an enormous, independent sphere of human vital activi 
ties. A lot has also changed over that time in Yuriy 
Pavlovich Semenov's biography. He was the leading 
designer of the Soyuz craft and chief designer of the 
Salyut and Mir manned stations and the reusable Buran 
ship. loday, Yu. P. Semenov is a general designer. He 
heads up the collective whose creator and first manager 
was S. P. Korolev. No, there is probably no need to 
mention how very difficult that post is. Especially at the 
present time, when the execution of the increasingly 
complicated space research program is accompanied by 
critical barbs aimed at the program and there are sharp 
debates about how space is costing the country a pretty 
penny and, in ihe current situation, is hardly useful or 
necessary to the country. And the zealots in the debates 
ere not just people who are far removed from the spare 
program, but also scientists, some of whom are from the 
fairly well-known Space Research Institut 


So what is the exploitation of stellar space giving us’? Our 
correspondents’ interview with Yuriy Pavlovich Semenov, 
the prominent Soviet designer of space equipment, Hero of 
Socialist Labor and recipient of the Wenin and State 


vith this question 


prizes, begat 
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And look at the curious turn wh} hh the world ivan d 
countries have taken in their own space programs. Th 

have, following our example, sharply envigorated thei 
work in the development of orbital stations. In tl 

United States, a new-generation modular station is being 
developed. The countries of Western Europe, Japan and 
Canada have joined in its development. At the sam 
time, the European Space Agen 
planning to ae velop their own orbital station nm tne 


future 


y and Japan are als 


Ihe endeavor to conquer the ‘space market of 


future iS no act ident. tor that 1s viewed as a routine st . 
scientity 


In raising th technical and economic pol 


tial of any country, no matter how developed it is toda 


Even Japan whose acnievement are known 
everyone, 18 currently setting a goal of developing oper 
ations in space as one of its ftundi mental national goal 
Having achieved a detinit preeminen 1] field 
manned flights, which are playing a de role toda 
in the “spac mark we should not, under at ircum 
stances, rest on our laurels: if we do, the preemin 
scientific and technical work we have started will be used 
nv other countries tomorrow. From a stat } h off 
the fore ign market the n [ lence ntensty pl 1 
we will become a counts VI a) na med 
electronic equipment and mar ther good 
parent components will be produced in space 
We must not scrimp on the spa oram. Tha 
cost the stat ociety and our descendant i nd 
the space program would risk slowing down, and 
the country’s most advanced and orea 
could lose its importan 
As for the resounding criticism d ted at 
program, this must be said: Anything can be 
That has become particularly fashionab 
ourse, Ciffering points of view ma 1S] 
problems, inctuding those of space. But 
not be just tor the ike Of criti m Iti ryt 
to del nto tn } mae ing cl 
legitimat iu rea qd KI th 
natcd 
That VI vyhen Ww 
not f 1 nt na progra , 
the opinions of peopie who a 
who rit reun 
VTi ha wt f a } 

that 
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act trom the proposed reductions in th (C orrespondent] In heading up the NPO Energiya, you 

to al hat the consequences of that move are, in essence, the Chiet Designer tor “habitable space 
As we all know, that term has a broad connotation that 
includes not only where the cosmonauts stay and work 
r source of criticism—it is a delayed (the space stations and modules), but also the equipment 
flights given to cosmonauts trom used for placing them into orbit (the launch vehicles and 
Well that's a Sst associated with our spacecraltt, to ing lude the reusable on What do you 
| wit’ th Ountries trom past see as the near future for this area of the pace prog! im? 

e conc.usions have been drawn for What do you expect in the more remote future? 
} 7 | 


zing the numerous 


itiona rews. we shouldn't disregard iSemenov| [he comment about the broad connotation of 


nade it possible to master to perfection the concept of “habitable space” is profoundly correct 


‘ ; " ' j } ¥ | ‘ 
associated wit! isiting crews, proce \ll of our activities are aimed, in the final tally, at 
fully using in the commercial making space truly habitable, so that man may derive th 
H osmonauts trom Japan, Great maximum benefit from the unique propert of the 
tain, A ria, the Federal Republic of Germany and space which surrounds us. Even now, our insights tnto 
should we tail to take into consid the habitability of near-Earth spa ire comparable to 
ipment developed by the socialist those of the habitability of ground polar station Ihe 
1 on the Mir complex experience we have gained has already enable us to 
convert the program Ol Opel mions on the Mir orbital 
, , ( lex trom enti e neal or 
t the criticism has also been caused by omp m a mainly scient technical orientation 
ittement f th estion man lOas ntific-production orientatior 
al | , pact pr yy irY) Now 
| It should be noted that the space programs abroad are 
" -earcher af pact together with 
{ rr) 7 r? f ‘ } i! | linang | by the stat And peri ips yniy in our counts 
if rt) 1) Wt) < l i 
thanks to the normous amount of experience w ( 
pained in the operation of orbital stations, does the 
\ ie } theoretical possibility exist for pa rch to pa 
f ! me made Vy rep n 
’ own way Today the annual ner 1 rt Ministry of th 
1 y t tr most nronapnte 
. ’ Electronics 'ndusti the Mini { the Electrical 
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are needed to increase the power supply for orbital 
complexes. And, it must be said, we are very near to 
soiving these matters 


Another important area of the work done on the orbital 
Stauions 1s the organization of global ecological moni- 
toring of the planet. I don’t believe it’s necessary to 
convince anyone of the importance of that area 


In other words, the possibilities for the orbital stations 
are practically inexhaustible. There 1s no doubt that 
man’s “celestial apartments” will undergo improve 
ments and that there will be plenty of work done in them 
in the next decade as well 


| would add to what has been said that the manned space 
program is not limited to the exploitation of near-Earth 
orbits. We are currently conducting studies on the devel- 
opment of an interplanetary manned complex for a 
mission to Mars. Undoubtedly, such a project is of 


importance to all of humanity and will be executed in the 
context of worldwide international cooperation. | 
helieve that the execution of that proye tis a matier tor 


the not-too-distant future 


Correspondent] As 1s evident from your words. man 1s 
of near-Earth space. The 
OmmMunications, Navigation, 
study are. as before. based 
rbital vehicles and are of the greatest practical 
benefit today. Expendable launch vehicles place them 
into orbit. Will the situation change if Buran begins to 
make regular trips into space ’Or will a certain division 
t labor be maintained? What, in 


ichieving ever greater mastery 
Dac hased Systems fo! 


weather and Earth resource 


ir opinion would be 
the best combination of work in space for Buran and the 


} 


xpendable launch vehicles? 
iSemenov|] The orpit i delivery stems ire continually 
being improved Both the reusabl complexes and the 
xpendable launch vehicles have their own special fea 


tures and spheres of application. Th expendable launch 


ehicles are quite inexpensi\ but they do have a 
number of shortcomings. The reusable Buran ship 
which 1s a large-cargo transport craft and which 
sesses properties unattainable for the usual expendabl 
rbital-insertion equipment, has the capabilit 
returning trom orbit expel | ilities whicl na 
xhausted their own useful |: ir Nave «perien 


failures 


And t, the return problem should be ved aS beings 
my of? ) t ry ne | | try nail prob! ry) 
iniqu ntif istrun for Imp 1 lars 
ptica cop t >| guipment 
: , aft on re? | | itt | th 
i | vy { iandl i 
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would make sense to put all that into orbit in a single 
trip. But for all its great capabilities, today’s reusable 
Buran craft has a substantial shortcoming: the cost of 
launching it 1s quite high 


That 1s why Buran cannot compete with the traditional 
launch vehicles in putting things into orbit. Our plans are 
being built on a sensible combination of expendable and 
reusable launch systems 


\ promising delivery system, which would replace the 
present-day expendable launch vehicles and reusable 
craft, is the aerospace plane, which would use the Earth's 
atmosphere both for the development of additional lift 
and as a rocket-fuel component. It would go aloft into 
space and return like a modern aircraft and would be an 
inexpensive means of delivering cargoes into orbit and 
returning them to the ground 


But the path to the realization of such projects 1s through 
the development and use of today’s reusable systems 
such as Energiya-Buran and the entire complex of exper 
imental bases and ground tacilities which ensure th 
development and use of those systems 


[Correspondent] In addition to the words perestroyka 
and g/asnost, another term has found a 
lexicon—conversion. The field in which you work has a 
direct bearing on peaceful spa Information about 
what the cosmonauts manage to produce or do tn orbit is 
appearing ever more frequently tn the newspapers and 
on television. Nevertheles: 
the Energiya scientific-production asso 
direction contribution to th 


song place 1n Our 


what are the possibilities for 
lation making a 
Ountry’s national 
conomy, and what specifica ing proposed so that 
it can do that in the near futur And what. in vou 
opinion, should conversion consist of 

[Semenov] Con problem. On th 


one hand, it 1s quite natural and necessary that a DOW 


ersion 18a very serious 


ertul sector such as the Ministry of General Machine 


Building—of which our organization 1s a part and which 


possesse: th most immense enti and rer hnical 
potential—make its own contribution to the develop 
ment f the “‘non-spa sectors of the national 
econon ()n the other hand, you int let peopl £O 
around “hammering nails in with a microscope | sa 
that t mphasize that it 1s necessary that our organiza 
n and ones similar to it be involved in solving on! 
intensive problems wi! regi ( 
idvanced technologies. Unfortunately, in lif things 
frequently happen quite different! hich 1 t 
mate! lead 1 a big lo f our potent We must 7] 
pive ir assent t metl b ha 
Tha I i 
Olut tf ti ! 
| r 
; i | 
| I ? 
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populated centers of the Soviet Union, 107,000 do no 
have telephone communication: 

Based on the experience we've gained in the vevelop 
ment and operation of the Salyut and Mir orbital sta 
tions and the Energiya-Buran system and using the 
cooperation that has come about between the design 
bureaus and the plants, we began developing large space 
plattorms (up to 18-20 tons in a geostationary orbit) tor 
communications and radio and television broadcasting 
\ goal has been set to provide every type of commun! 
cation via tclephone channels to every remote corner of 
Our enormous country, to solve the problems of radi 
broadcasting, and to ensure the transmission of mult 
program television and high-definition television. This 
will make it possible to have remote consultations with 
leading specialists in medicine, to set up rapid nation 
wide referendums on urgent questions, including thos 
of internal politics, and to make the achievements of 
advanced culture accessible to each of the countm 
citizens. The installation on these platforms of a variety 
of equipment will make it possible not only to establish 


ommunications systems. but also to imple 


. 


powertul 
ment permanent ecological monitoring in all bands of 


the spectrun lectromagnetic waves 


The Ministry of Geology has also turned us with a 
request for help in the developm« nt Of a ystem Tor 
deep-water mining of iron-manganese nodules in the 
Pacific Ocean. Thi a science-intensive task 
We have a rather } eram tor conversion. wh 
also include the development of sealed operat 
rooms that have atmosphe! { special compositio1 
pressure, and many other tt 

ertain conversion programs 1n I nm we al | 
pating do not have a direct bearing, as it w | 


space program. But we have joined in on th 


enthusiastically. understanding our enormous respo! 


bility in terms of solving the country’s particularly acut 
cial problems. In that work, first and foremost 
ite program for the building of prostheses, in wh 
O nterprise 1s the lead enterprise. In brief time spar 
we must develop prostheses which are on a par wil 
best 1 lels produced by the leading foreign firm 
| belt that we are up to the task, altl 
yuaT red man probl m 
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General Designers Describe Rivalries Among 
Space Design Organizations 

90 “QOUS4 Moscow SOYUZ in Russian No 15, Apr 90 
r) 1s 

i 


[Interview with general designers Gerbert Aleksan 
drovich Yefremov, Scientific Production Association of 
Mochine Buriding (NPO Mashinostroyentya), and 
Dmitriy Alekseyevich Polukhin, Salyut Design Bureau 
of the Scientific Production Association of Experimental 
Machine Building (NPO eksperimentalnogo mashinos- 
troyeniya), by SOYUZ correspondent Dmitriy Khrap- 
ovitskiy, under the rubric “Absolutely Unclassified” 
‘The Ground Waves of Space Politics’; first paragraph 
is source Introduction] 


(Text]| General designers Gerbert Aleksandrovich 
Yefremov (Scientific Production Association of Machine 
Building) and Dmitriy Alekseyevich Polukhin (Salyut 
Design Bureau of the Scientific Production Association of 
Experimental Machine Building) talk about the fate of 
certain space projects in SOYUZ’s editorial office. 


[SOYUZ] You represent space science and technology 
Many people are now certain that you, the space 
designers, are people who are satisfying your Own curl 
osity at the expense of the rest of the country’s citizens 
I'll put the question differently: looking at our space ag 
might it turn out to be not so ‘golden 


? | ) 
‘ ry) 
j at 


It might not. But that answer, of cours« 
needs some supporting proof. Do you agree, Dmitriy 


[Polukhin! Well. let’s try 
been spent. The 


y explain the billions which 
teemed K. P. Feoktist for 
<ample, is certain that it 1s all a matter of the lack of 
ategic policy for the deve lopment of spac But com 
yn (and don’t consider my statement a populist defen 

f my own work), can we find in our recent history even 
one strategic development policy—any kind!—whert 


there’s a noteworthy result? 


[Yetremov| Feoktisto 


himself 1s an engineer whi 


understands quite well, I believe, that the grievances here 
i] not against ir designers. After all. all the mistakes 
hich have been committed during the process of the 


ypment of space equipment are within the limits o! 
vhat ral Rut add to those mistakes the orga! 
rational and management mistakes, and t's that total 
isteful expenditures of colossal 
} int i hy lik rything e| ( in oul 
) | la ! he A r ROVETI 78 kh the ma 
(ira c tep 
(VT na mn ft it atthe | iti i igt 
, ‘ at ifter b y appro d il 
' ’ tral progral 
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that, based on a future line of development, the sequen- 
tial development of a series of launch vehicles was called 
for tandard rockets with an increasing lift capacity of 
+-4 tons (UR-200), 20 tons (UR-500) and 150-230 tons 
(UR-700). Extremely low costs and rapid rates of devel- 
opment were predetermined by, to a large extent, the 
high degree of continuity of the engineering approat hes 
the designs of the units, and so on 


SOYUZ} You mean Sergey Pavlovich Korolev’s design 
bureau didn't have such a program’? 


{Polukhin] You must understand that Sergey Pavlovich 
was a most talented design engineer and manager. But 
his prograin proposed that, after the development of the 
R-7—the 5-ton rocket which launched the Voskhod 
Vostok, Soyuz, and a number of other craft—Korolev’s 
lesign bureau would immediately set to work on the 
development of a 90-ton rocket! From the beginning, his 


idea seemed premature, but then the project was 
approved and received the designation N-1|. The fate of 
that undertaking 1s now well-known to many people 
iithough it took plac e, it is true nly afier Korolev’s 
leatt 


SOYUZ] Yes f the N-] 


we turn the pages of history back, co 


those explosions « rockets, when 
us billions. But tell 


the things that were being done by the 


ry) didn't 


design 
burt dll heade d up hy \ ladimir Nikolave\ ich ( helomey 
After all 


proposed UR-700 was supposed to carry a 200-ton 


ntribute to that either directly or indirectly? 


ivVlioad and was ihe N-I’s competitor. The former 
leputy chairman of the Military-[ndustria! Commission 
(;. N. Pashk complained in one interview that, in the 


(Chelomey shoved the firms of Korolev and 


Yang to secondary roles and that the money allo 
ited to them wasn't enough 
Yetrem | lt wasn’t a matter of mon [he failure of 
he N-1| project stemmed from a number of miscalcula 
nny lesign bureau's program. in contrast to 
Koro Wd not suggest Su h a terrible jump his 
1 tactor of 20! Each ot our launch vehicles was 
1! to become part of a more powerful one. And 
Stage lapsed without any kind of serious dt 
ion tron rdel [he { ont t the UJ] 
['R ind LUR-SOO K (Proton) 1 t Ve] } d 
e thr r ihre ’ } irs aft gt 
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na | m tl hegint r firm paid 
} rf i f l 
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(UR-S00 K), in Dmitriy Alekseyevich’s design bureau 
around 28,000 mode! and full-scale tests were con 
ducted, and 16 full-sized test stands were developed in 
order to test the standard systems separately and joined 
together. Powerful computer hardware was used to sim 
ulate flight conditions. That virtually eliminated an 
expensive stage—the flight tests—and big Savings In 


money and time were achieved 


As tor the N-1, there are articles that note that, for 
various reasons, the chief designers greatly weakened th 
requirements for experimental ground testing. They 
believed that such testing would be long and costly. We 
all know what happened to the attempts to complete th 
N-1 “in flight.” They couldn't handle that difficult task 
with the “yump.”’ But some associates of Korolev’s firm 
link the failure of the N-1 to interference by the firms of 
Chelomey and Glushko. To read that (in KRASNAYA 
ZVEZDA, 13 Jan 90) 1s somewhat hard to take—after 
1 yvone knows that all the work on the U R-700 was 
limited to the design and the mock-ups of 
tions of the rocket. That couldn't result in any sort of 
appreciable expenditures 


certain § 


O0-ton rocket 


[SOYUZ] But what about your 
happened to it? 


{Polukhin] The work on the UR 
And, in principle, that is the b 


‘OO was begun in | Tal 


l argument against thos 


who are attempting to assert that our firm owed Its 
successes, to a large extent, to the good offices ol 
Khrushchev. whose son was an associate at V. N. C! 
omey’s Central Design Bureau of Machine Buildir 


And even though they “killed” the UUR-200 rocket soon 
after N. S. Khrushchev’s removal, by then 1t was simpl 
impossible to encroach upon the Proton—there was ni 


alternative to it. And so we received the order for t} 


200-ton rocket and began working. And suddenly th 
specialists from Korolev’s design bureau are writing a 
memo to the minister of general machine building, S 
Afanasyev. Soon they “killed” our 200-ton rock 
Korolev's people were left without any comp 


[SOYUZ] A good many spe 
today, we do not have much of a need fo: cl 
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stopped” you at the Pr 
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It is because of the Proton rocket itself that |Polukhin] I can 
it became possible to bring lunar sou! back t { rockets in 
In a new stage in the study of Mars and environment 
Halley’s Comet, to land spacecraft on the gaseous emIss! 
irface, and, finally, to place the heavy Salyut that those of 
ind M rbital stations into orbit, as well as the Kvant times less than 
it support them. The versatility of this rocket 1s [here aie local 
i by the fact that 1t places into outer spac all, with the ne 
most diverse weight (up to 20 tons), size the test ranges 
iamic and design characteristics. And with precisely thet 
1. we recall the early 1960s, when the four components or 
iid for those capabilities with the ecologi 
moreover. we 
ill this has be somewhat unexpected complete elimin 
t seems, after a quarter of a century, 158 the e 
provided competition for S. P. Koroley [SOYUZ] Al 


9 into our readers’ field of view! Why that t firms that 
hat hard ' 
Hence : 
burden on 
didn't hear the name of Sergey [Yefremo\ 
I y very often in the mid-1960s, did you onversion 
1 he all that harsh hecause | worked 1n this , \ aT 
til Lil i Litt il 
ny opinion, right up to his death n th eee o 
trictly regulated life, for the over line. Som ' 
y of peoy remained a secret figut programs whi 
me. was shown only from the hack. \ nein e iaed 
j ls la “J 
Bu fe) ina 
| don't ) £ the readers the impi entrusted with 
] es of Space politics re 1< and toren 1 
th a confrontation between two pel! n bes 
oh yf irs that did occu! s did thing \ 
t I Q i | A f } elonings a) ft | } 
| t Nal ’ vt ’ tw sudaa nat a t 
hk r ey KT ’ ta | on ? ri] 
| lehbut und t t } it ta 
+} Ves ‘ intarism and 2 1 
| uppel I W hen vou ) { 
rprised at | often, at the top ma 
nade which delayed for mat final 
! m I e spac levelopments ) 
pl | ypped 1e de lOp linn O] 
} Wb th ! 1S ) wit 1! | ia 
mpeten I lain | lers. O V 
it to | he deputy chairman of! 
vai (; N. Pa L } 
( S| f iIpDT nN al 
: ( neo the us f th pdat ( ommentary o1 
g out | Space Market 
rH " 


SPACE POLICY, ADMINISTRATION 


terms 


-d to expropriate large 


nd drop zones for tl 


87 


slate juite responsibly 
Ot Tre 


ompl tel 


that the effect 
impact on the 
gligible' For example, the 


] 


negative global 


ns trom rockets are a thousand times less 


and hundreds of 


those of motor vehicles 


thousands of 
industry 
first of 


ind 
ASSO! iated 
' 


land areas around 
spent stages. It 1s 


nroblems which are 


} ‘ 


VI the spills of unused residues of fuel 


ur. But even they are not comparable 
1| damage . industrial waste, and 
} ) A ked out measures for the 
mon pills 
ting picture. Aren't you, the leaders 
ri St SIX MontNs ago, some 
d that space won't be a 
} f I You know how 
wed in Ul nt Some want to put 
ly | ia has be Cll assembled 
' iry mass-production 
sible. to curtail the 
} Slim! | possibility of 
if tim ha ich aS Ours were 
| lependence—tfirst 
n jependet After all, we 
tabl 1 internal nai contacts and the 
, uur launch vehi 
i lefinitive rtainty 
levelor 
ntellectual 
ie the worse 
' puarantees of 
spa 1d UT tomorrow, we musl 
rt ft] proper level by pranting 
an hts to the dev | 
In the meanwhile, in many 
Josey ird the exit 
ind m 
he lion's share 
+2 th ist a Wag 
L ly toda\ 
(ompetition for Commercial 
iA i 








88 SPACE POLICY, ADMINISTRATIO! 


we are talking about Japanese cars or Korean television 
sets, then you are deeply mistaken. The fact is that the 
U.S. aerospace complex cannot withstand the Chinese 


dumping in the field of commercial space launches of 


satellites 


[he scandal in the world satellite industry, of which 
China’s rocket building industry has become the hero, 
reflects only some of the problems caused by the stormy 
transition of space technologies to a commercial track. 
The space satellites market 1s, 1t must be said, very 
young, but it 1s one of the most dynamic and promising 
areas of the world economy. If 88 commercial satellites 
were placed into near-Earth orbits in the 1980-1988 for 
a total of $5.6 billion, then no fewer than 150 such craft 
will appear in orbit in the last decade of the 20th ccatury, 
at a cost of $10-13 billion 


In the world today, there are tour national or regional 
commercial space launch programs operating. The 
largest of them ts the European program based on the 
Ariane rocket, which controls 50 percent of the market 
Ihen come the Americans, operating within the trame- 
work of NASA, and the Chinese, with their Changzheng 
rocket. The USSR, which offers launches on the Foton 
rocket, 1s just beginning to develop its own space busi- 
ness. The United States leads in the production of the 
satellites themselves: the American firms of General 
Motors, Ford and General Electric account for 75 per- 
cent of the production. The greatest demand 1s for 
communications satellites—the “boom” in them will 
continue until the end of the century. The launch and 
operation of such vehicles is so profitable that, recently 
the international communications satellites organization 
Intelsat announced that it would spend $150 million to 
Set up a rescue mission in order to return its Intelsat-6 
satellite to its designated orbit. The development of 
unmanned space laboratories 1s also considered a prom- 
ising area, as is the development of environmental 
monitors 

Perhaps, it is the European Arianespace concern which 
most graphically proves the economic profitableness of 
the development of space and the lucrativeness of the 
From 1980 through May of 1990, the 
satellites belonging both to 
overall total of 


“star business.’ 
Europeans sent into space 83 


countries and private firms, for an 


round $4.8 billion. The concern has a portfolio of 
irders tor 3&8 more launches (ot which nine were received 
between January and May 1990), at a et of § 
billiondollars. In 1989 alone. Arianespace’s pure protit 
amounted to more than $24 million 
The high f irnineg as || the ’ 
less-important science-intensiveness—o! 1 Satellite 
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the results that have already been produced. For 
example, the Chinese—who (like the Europeans, by the 
way) do not even have to their credit the sending of a 
person into space or missions to the moon, but have, on 
the other hand, quickly adapted the existing achieve- 
ments in rocket technology for the fastest extraction of 
profit—have emerged on the commercial launch market 
That fundamentally distinguishes them from, say, the 
Soviet space program, whose leaders still cannot sub- 
Stantiate the economic return of the spending for space 
research and, with a most powerful production base and 
scientific potential, are still lagging behind other coun- 
tries in the development of commercial flights 


But the market 1s not waiting—new formidable compet 

itors are dying to get into it. As for the near future, the 
main events should probably be expected in Japan. A 
rapid breakthrough on the space technologies front 1s 
being planned there. Even now, Japan itself 1s producing 
satellites, supplying the United States with engines for 
space rockets, and developing its own powerful N-2 
launch vehicle. In preparing for the next economi 
offensive, the Japanese companies are planning to form 
a powerful consortium of 70 firms, which will include 
such giants as Mitsubishi Jukogyo [Mitsubishi Heavy 
Industries], Toshiba and Nihon Denki [NEC]. The con 
sortium’s goal is the development of a “space superta 

tory” for the production of satellites and rockets 


India, which his in orbit one satellite of 1ts own manu- 
facture, 1s energetically developing the production of 
rocket and satellite components. In the next few years 
the Indian Space Research Organization ts planning 1 

spend 35 billion rupees for the purchase of equipment 
needed for space research, and 30 percent of that equip 
ment will come from Indian companies. In |992. Brazil 
will launch its first satellite from tts own territory, 


although, it 1s true, it will be with the help of the Chinese 


As young as the space market 1s, 1t 1s slowly beginning to 
be shaken by the storms 
system. Under pressure from the Americans 
which, barely having entered the poo! 


ustomary for an\ onomt 


| ip if? 


immediately protected its producers from foreign com 
petition, was recently forced to open up its own mark 
for satellites from the United States. In the meantin 
the 43 Japanese satellites operating in orbit ; 
been bought from American compan | 14 
everyone 1s disturbed by the cor Cc} 

who despite agreem« nt signed 1ORR » ng 
ommercial launches for a pri oft 

whereas the same procedurt ’ th Europ ' 
I/nited Stat tc ¢ , . 

ippeara f q ' . 
ysten wa ] irk 

trang { 








JPRS-USP-90-005 
26 November 1990 


Foreign Interest in Soviet Space Systems Noted 
PM0210122590 Voscow Television Service 


in Kussian 1700 GMT 27 Sep 90 


[Report by P. Orlov, S. Murazov, A. Zubov; from the 
*\ remya "new scast] 


{Text} [Announcer] The cargo spacecraft Progress M-5 
was launched tn the Soviet Union today at 1437 hours 40 
seconds. Thus the realization of the dream of a factory in 
orbit 1s getting nearer 


[Reporter] You see the launch of the transport spacecraft 
Progress-M5. It 1s the first cargo craft capable not only of 
delivering goods to the space station but also bringing 
them back to earth. And there are things to bring 
back—crystals grown in space. Gennadiy Manakov and 
Gennadiy Strekalov are packing them aboard the station 
now. If they had to bring these cases back to earth in 
their own craft, there might not be enough room for the 
cosmonauts themselves 


[Orlov] This capsule can bring up to 150 kg of freight 
from the “Mir” station back to earth on the Progress-M5 


Spacecratt 


[his 1s our space reality, both as regards science and the 
attempt to recoup, albeit partially, the costs, at least on 
the internal market 


However, in the international division of labor in space 
this 1s also one of the most promising spheres for our 
country. At the “Aerospace” exhibition while prepara- 
tions for this launch were under way, it was announced 
that the unmanned factory satellite Photon had success 
fully returned to Earth from space with crystals grown 
there for two weeks under contract with the Munich 
Kayser Threde company. Such commercial deals bring 
in foreign currency even though, because of our past 
secrecy and countercurbs on the lines of the Coord: 
nating Committee for Multilateral Export Control 
[(COCOM], we have in many respects come late to th 


shar'ng out of the space cake. Half of 1t has already been 


grabbed by the French, who occupy first place in the 
phere of commercial launches. But the market 1s th 
market. And the French hat urned to us with 
posal te tect the future m iltiple reentry vehicle 
Herme n the hasis of our Ts? IIMASh [¢ entral Sc 
ntific Research Institute of Machine Building] spa 
stitute. In this way the So base may t sed 1 
nd r Wes rt 1dvantage vhy ‘ ! { 
th R 7; Int ' r t yricior;r r) 1c 
And an agreen g drafted under whic! 
Rritist S| { t } la 1 ir M 
1S ar 7 " thy, " 


SPACE POLICY, ADMINISTRATION 89 


So we are not the only ones following the flight of the 
now Progress-M. Many people abroad would also like to 
obtain materials from the world’s only space station 
Docking with the Mir complex is scheduled for this 
Saturday 


USSR Seeks Mexican Satellite Launch Contract 
PM0O811100290 Moscow IZVESTIYA in Russian 
7 \ vy YU l nIONn Edition p 4 


(Dispatch by correspondent A. Cherepanov: “Will Our 
‘Proton’ Win?”} 


[Text] Mexico City—Our country has a unique chance to 
enter the international commercial market of space 
goods and services. If this happens, it will be in Mexico 
The Soviet Union together with other countries will 
participate in a conipetition to launch the third Mexican 
communications satellite as part of the “Solidarity” 
program. The Main Administration for the Creation and 
Utilization of Space Technology ts putting forward the 
delivery vehicle “Proton. 


The working life of two Mexican communications satel 
lites which have been in geostationary orbit for many 
years, 1S running out. The Mexican Government has 
decided to announce an international competition to 
design a satellite and launch it using a foreign delivery 
vehicle 


The Soviet side 1s only participating in the second part of 
the competition. Back 1n July of this year, a delegation 
from the Lavochkin Science and Production Association 
visited Mexico in order to present the “Proton” delivery 
vehicle. It was headed by V. Serebrennikov, acting 
general designer, and V. Asyushkin, chief designer. From 
their viewpoint the presentation went off successfully 
And right away in August, the Mexican specialists made 
a return visit to the USSR 





Does “Proton” have a chance of winning the Mexican 
ompetition? After all, it has fearsome rivals in France 
the United States, and China. It does have a chance, and 
a good one, according to both Soviet and foreign special- 
ists. At present, our delivery vehicle has no equal in the 
world as regards its technical characteristics. If you look 


at Western assessments. it also overtakes its foreign 


interparts in reliability. Only “Proton” has had over 
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competition. | have in mind the U.S.-NATO embargo on 
importing to the USSR many types of electronics and 
equipment “of strategic importance’’—after all, the sat- 
ellite will have to be launched on Soviet territory, at 
Baykonur. The Soviet side has long been giving guaran- 
tees of the safe transportation of satellites on the coun- 
try’s territory and the presence of representatives of a 
Western firm at all stages—from the transportation to 
the actual installation and launching 


Specialists trom the Lavochkin Science and Production 
Association believe that the Mexican competition is 
essentially the only chance for us to put our space goods 
into the international arena. It 1s predicted that soon the 
developing countries will not be placing such orders 


Leonov Interviewed on Soviet Manned Lunar 
Program, Current Issues 

90700151 Moscow AVIATSIYA I KOSMONAVTIKA 
in Russian N lug YO pp 44-45 
Interview with May. Gen. Avn. Aleksey Arkhipovich 
Leonov, USSR Pilot-Cosmonaut, twice Heio of the 
Soviet Union: “The Flight That Didn’t Take Place: May 
Gen An. A. Leonov, USSR Pilot-Cosmonaut and 
[wice Hero of the Soviet Un.on, Talks About the Soviet 
Lunar Program and Current Problems of the Space 
Program’; the remarks of interviewer Maj. I. Kuznetsov 
appear in bold] 


| Text] Aleksey Arkhipovich, the readers of our journal ars 
interested in the “blank spaces” in the history of the 
Soviet space program. One of them is our manned lunar 
program, in which you had the occasion to be a partici 
pant. Please share your recollections with us 


[he Soviet manned lunar program called for two phases 
first, a flight around the moon and, second, the landing 
if moon. The technical director of the 
program was Hero of Socialist Labor Vasiliy Pavlovich 
Mishin 


a man on tn 


[he tirst phase, in the mid-|960s—which 1s when the 
specialists at the Center actually became involved in the 
roject—was seen as a reality: the Proton launch vehicl 
id already flown, and the Soyuz vehicle, which had 
eived t designation L-1! in its lunar modificat! 
taking shape in metal. The s 1d phase, how 
was problematical. Still, we believed that it would 
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admirably. However, the first launch of Zond-—that’s 
what the unmanned version of the L-! was cal!ed—was 
unsuccessful. Why? In order to attain escape velocity, a 
boost module (the D module) had been installed on the 
Proton, but the command switching was mixed up, and 
instead of an acceleration we got a deceleration. The 
vehicle had to be destroyed. This was the first danget 
signal. The next launch went well, but then there was 
another malfunction in the booster. After working for 
several seconds, it dropped a short distance from the 
launch site. [t turned out that a rubber plug had gotten 
into the manifold just ahead of the turbopump assembly 
Becoming stuck in a duct in the pump, it cut off the fuel 
supply. After that, major malfunctions resulting i 
aborted flights occurred every other flight 


[In 1968, it became clear that we wouldn’t accomplish the 
task before the Americans did. One reason was the lack 
of proper financing and the improper allocation of 
funds 


You said that the main efforts were devoted to implemen- 
tation of the L-1 program? How were the cosmonauts 
trained for that? 


In all, nearly 20 people were training for the lunar 
program. The first crews—Leonov and Makarov, Byk 
ovskiv and Rukavishnikov—were formed from among 
them. The entire group, believing that the goals that were 
set were achievable, worked diligently, for each one 
thought that, if the circumlunar flight were successful, he 
would automatically move on to the next phase with the 
[-3. Therefore, the training looked toward the future 
We mastered many simulators, including a dynam 
simulator that was built from a helicopter, and went 
through the test-pilot course at the Flight Research 
Institute. Realizing that the most difficult task would bi 


the landing on the Moon, we learned how to quic! ly pick 
| 
Out an area and set down the craft with Iimied fu 
reserves and how to instantly estimate vertical vel 
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pes as we watched the last unmanned flight. Bu 
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he program tor landing a ma nthe M 


\leksey Arkhipovich, was our plan any different from that 
of the Americans? 
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pression that the develo nt of outer space wa 
ither simple allair, and that the upkeep tor the cosme 
MuUlLs Was COSTING Ihe ge i lol and wa onon 


ically unjustified 


Hiow did you follow the execution of the Apollo program 
by the Americans? 


Iheentu vorid, except! he Soviet Union and CI ’ 
watched the first step of | nto the Moon. Bu ne ut 
ihe Soviel people, except | it my indred peopl 
watching the news reports | | the organization 
iw the launch of the cralt, its las yon the Moon 
ine activill ori rew, Histor ’ hily judged ou 


dcologue: ronomareyv and Susi mu the course wit! 
which the guided the counts Bul th Americans ha 
no false morality. In 19¢ thie pra : cepted " 
ur information on the walk pa ind rainat 
heir own program witl itati i} had plannes 
na an asironau ist Stick Nik wn ul of the cratt, nov 
ih luplicated n pa valk and n used a hand 
neid space gun that enabled the a jul iro! fil 
bod newhal in spa Keturning t| Americal 
iuna progra { } al ' nk Spotl 
mitt me. M Ovi | ha High Apollo | 
| i} i i i! 


And have you seen any extraterrestrials in your films? Ihe 
tL FO watchers claim that the first men on the Vioon saw 
them, and that extraterrestrials were watching the astro 
nauts. is this true? 
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raising objections, It would be more et! il Or part t 
ry yiving an accounting or his wh prow idl th 
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sums were invested, fail before reaching th iraet 


ihis, 1 seems, would be a good place io touch on the 
matter of improving the profitability of spac« 


tit pace program being the embodimen rt eading 
scientific and engineering thinking, is indeed capable of 
a mucn larger economic return I hy Al if} art 
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enopment 1 hi iuATIOI 
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Of new technologies and di 
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space program 


AS far back as the 30s, Academician Kapitsa posed tl 
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What incentives for adoption of new in ire built 
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years ago. | myself went to Peisha, the chairman of th 
Party Control Committee of the CPSU Central | 
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decisions were made with regard he Bayh \I 
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should De reproached tor that, And here the | SSS uld 
preaat ii Chip is nere if DchoOngs L,O0od COmMmMMuUnICH 
Lie re needed in DOU directions and ihe rier Will 


me if conomic impact 


And the last question, often asked by the readers of our 
journal: Do you thin’ those of us living today will witness 
the realization of a Soviet lunar program? 


such program i8 envisaged belor aL cn Able) 
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Funding Problems Hinder Use of Radio Telescope 
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Radio Astrophysical Laboratory by V. Kodkin, trom tl 
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disposal ick Ol funding 
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Propagat 


nN particular, on tl 
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intennae. [hat is the number of sharp: ihat convers 
nh equa } ly and attention in a 
veall it well known that we live in an atmospher 
lf tl Stal nich ga us iil And everything 
nde n its HDehavior—the climat narvest 
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| Clic from readet and Tf prartis ry\ Maro M Ark hip 


[Excerpts] The J3rd anniversary of the launching of under the “Briefing for Readers” rubriu Is It Worth 
Sputnik, which marked the birth of the space age, tinds Destroying the Missil 

ihe Soviet space community in the grip of profound soul 

ccarching as it rethinks the future of its space program [Excerpts] tis well know hat Titane2 10 BM’s are used 
lhis is the subject Our science correspondent Boris in the United States to launch payloads into space and 
Beliiskiy speaks about in “Vantage Point” tonight that it 18 planned to use MX ICBM Stages in the future 


laurus carrier rocket. Is sumiular work be ing carried out 


nm our country 


Heliiskiy| [passage omitted: Following Sputnik’s launch 
ine NS ict space program hye nr something ola sacred iSigne 1} Ne nig} | icutenant | Shimano, Sk 1) 
rw. pre tected by the secrecy of that um this is NOW a 


Major M. Arkhipoy, senior officer of the press group of 


thing of the past. Examples of current press criticisms. | 
the chief of Defense Ministry space units, says: “| passage 


omitted] Our specialists are also carrying Out work in 


Whil ie of the criticism is far from convincing, ther this direction, At a difficult time tor the country there is 
10 der ying that regardless of its rights and wrongs, its no j ‘tt in destroying enormous material values by 
cumulati eflect has been to set in MoOtUUON a profound blowing them up ol crushing them. The technical side of 
rethinking of the Soviet space program. One point now things requires that a number of structural modification: 
accepted ll cick hat the space program is in be made to the ICBM stages, and that a cycle of ground 
urgent need of a new d making process and flight tests be carried out to confirm the effectivi 
ness of these modifications 
The pi ghiy centralized command structure of the “Within the framework of the conversion of strategn 
ket and space industry came into being with the cold offensive arms it may be that with us too new carries 
var, for the prime purpose of creating a dependable rockets will appear which are capabie of resolving scien 
nuclear missile shield against what the country’s leader tific and national economic task: 
, hip of ihe time perceived as an American threat. But as 
the space became multi-pronged and more sophisticated NPO Polet Adversely Affected by Conversion 
with the number of options available inc-easing, its Program 
ktrem entralized command structure, fenced off 91700016 M w SOVETSKAYA ROSSIYA ip 
from all criticism, began to take wrong turns, and th Russian 10 O ”) pI 
present climate of glasnos! or openness 1s at last making 
possible ng overdue exposures of such cases which [Article by S. Shkayev: “Siberian Rocket Specialists 
sulted heavy tinancial losses and thereby imposed 
litional strains on the economy. |passage omitted] iText}] At the Omsk Aviation Plani they used to product 
the high-speed Tu-2 bombers and Yak-9 tighters. In th 
post-war period , up to the id 1950s, they produced 
Although no new space program has yet been officially lu-104 airliners. Then the enterprise changed its avia 
nalized, certain basic elements of it have emerged fron tion profile and, having become completely secret, 1 
t discussions on the subject. It will certainly retau worked on rocket and space programs. Many residents of 
lements of Dasic research in astrophysi S, planetol Omsk didn't even suspect that th Polet association 
‘ physics of the earth, biology, medicine, and other vas producing the bodies of space apparatus for studies 
ences. [here will be a big emphasis on elements of the Moon. Venus. and Mars 
lesigned to serve the country s economic needs: commu 
ation and weather satellites, earth studies and the like However, the “Polet” association has many problems 
New types of space transport systems will be developed And some of them, strange as it may seem, ar nnected 


probably including a space plane, and of course the space with conversion, which has had a negative effect on the 


. ) . i } ‘ he « ( so ‘ 
program will include certain elements to meet the Soviet above named peaceful programs. The capacities of thi 


L'nion’s defense needs, which will foi obvious reasons be powertul scientific-t_chnical complex are not being ult 


. {) fil , a *T) , {) i { i) { 
lassified, but will most certainly fit into the overall new lized to the fullest extent. The program for production of 


unique engines, which, by the way, could be profitably 


Soviet military doctrine of reasonable sufficienc: 
sold tor currency, has been cut back. Hundreds of the 
most experienced professional staff have been shifted to 
such, driel i§ the kind of space program we can expect production of simple consumer items. In my opinion the 
lo emerge trom the current debates on the subject, 33 Siberian rocket specialists will not gain world renown for 
irs after the electronic beeps of Sputnik heralded the themselves with these “thousand trifles”’ neither in our 


birth of the space age own market nor, even more so, in the Western market. It 
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serious emergency situations. The statisti ad 
optimisn When you imagine a sol | lea 
umbrella’ over vour head. with holes in i nihey 
exclaiming Why is all of this necessat | 
enough accidents with nuclear power plants as i 
ground, and now we ha hem in space as v 
Bul then ther also anotl pomt of view: | 
Sake, lets pul a nuciear power pla 
accumulat 1 i bart And / 
somehow | 7. vil myst ! 
agirectly | nsu lea 
oda 
1 nul i 
Hu 
‘ . 
’ ite , 
Si 
1 ' 
An engine for the universal rocket booster Energiya Apoll ind 
\ ik 1 . (Ulpy 
is not by suc unsopnisticated | luctior 1 miei Phos ft mi ul 
of Russian should increa but | na ids have ng | » the bs 7 
space technology of Siberia by, nd Uranus r Sar 
i ad n unt } j 
Continued Development Urged for Nuclear Power spacecraft. This 1 perfect T 
Sources for Spacecraft break and weigh all t 
YOTOOTIS Mf wu PRAVITEI LENNY) PSE NIB 
in Ru ian A % Ju I must adn it that | don tlike tl 
publ ral C1el which unf 
i[Articie by German Loma Would It Be nfort faking center stag nore ang eq 
able Living Beneath a ‘Nuclear Umbrella limes. And at the same time, I can't 
arrogance of officia et : nv gd 
[Text] A satellite with a nuclear reactor aboard circled even for a moment to explanat 
above the planet, slowly losing altitude. For almost five We lose a great deal becau ft la 
months, the ground services tried to move it to a safe orbit nabilitv’) to talk with the most ord n 
They were unsuccessful—communications was lost. When might not know very mucl i wi 
just a few days were left before it would re-enter the understand things. We are losing perhay 
atmosphere, the protective system was automatically acti thing—the opportunity to shape sensible publ 
vated, and the craft sped upward, to an orbit in which it Not that anybody wa el led 
would remain for around 300 years—within that time, the before. But at this point tin A) yi 
radioactive isotopes would decay completely to talk simply about complex things, and let if 
hypothetical discu hetween a 
That is not a call for scripts for a suspense filn al reader and a com. etent and chiec! , M4 
actual case that occurred two years ag th ¢ goes 
1900. In the train of tl multuou ts of 
it passed innoticed i p KI A T P} jv iid? ld ha 
alarming Situation, and, thank Grod erything came it enSa na headline hs React () 
all right. Had thines gor therwise, there would ha What mportat he fa ha 


been no avoiding a scandal. Like tl ne in 1978, wher hut how high or how hey are. If, for exan 
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Ponomarev-Stepnoy, first deputy director of the Insti 
tute of Atomic Energy imeni I. V. Kurchatov, “we 
already knew that our country would be shutting those 
detense projects down, We suggested to the Americans 
that we cooperate in providing energy to space flights 
that were needed by the people. But then some of ou 
newspapers accused us of helping the Uni.ed States 
create SDI, even though the proposals had to do with 
civilian and commercial programs—in a word, abso 
lutely peaceful programs. Then a year later. at a scientiti 
conference, the Americans told us in no uncertain terms 
that the USSR’s peace initiatives and our openness were 
responsible for the disintegration of SDI as a speciti 
defense program, and that the proram was becomeing 
more of a conventional research project. AS we know 
President Bush proposed an expedition to Mars as a 
possible alternative to SDI. Not a bad sort of conversion 
is it?” 


I don't know. Personally, such a mission, which would be 
carried out solely for the purposes of prestige, doesn't 
inspire me. The scientific results probably won't be 
commensurate with the outlays—the Apollo program 
proved that. Moon walks in space suits were about as 
sensational as you could get, but serious scientists 
shrugged their shoulders—they learned nothing essen 
tially new about our natural satellite. Of course, ther« 
have been some “spin-offs —transters of technology 
trom space to conventional industry. But if you want to 
touch your right ear with your left hand, why go around 
the back of your head? Wouldn't it be simpler, and 
faster, to create such technologies for conventional 
industry in the first place? Perhaps the Americans can 
allow themselves to spend such enormous amounts of 
money on such a mission, but not us, with our empty 
shelves 


“Wasn't our country really any richer when Tsiolkovskiy 
dreamed about space settlements, and I[sander 
exclaimed, ‘Onward, to Mars!’?” objects Nikolay Niko 
layevich [Ponomarev-Stepnoy]. ““Who would hay 

believed then that the space prog 1m would become a 
mighty, developed and, incidentally, profitable sphere ot! 
human activity? But all right, let’s put ‘fantasies’ asidk 

although I’m convinced that we can’t live without them 
and that no sort of prohibitions can put an end to th 
desire for knowledge. Let's talk about what's happening 
today. For example, the Americans are currently 
working on the Intelsat-6 communications satellit 

which will provide communication via 30,000 telephon: 
channels. They are now studying various hardware for 
putting it into geostationary orbit. We discussed the 
following idea with them—the U/S. can place Intelsat in 
an orbit with an altitude of several hundred kilometers 
but our ‘space taxi, equipped with a nuclear power: 
source and a plasma electric propulsion engine 
haul it up to a geostationary orbit.’ 


CQ ild 


“That would be a long trip 


“Yes, at least a year. But that doesn't bother them 
Intelsat 1s designed to operate for 15 years, and the 
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wouldnt mind waiting just a year. On the other hand 
according to their own calculations, the ‘taxi’ would cost 
less than a booster unit. Space tugs; global systems for 
communication, television, and navigation; disarma 
ment verification and monitoring of the environment 
there are plenty of purely peaceful and very much needed 
practical tasks to be done in space orbit. But there aren't 
many kinds of energy sources—chemical, solar, nuclear 
(Chemical sources don't last long, and solar arrays also 
degenerate rather quickly. The larger the area of the 
photocells, the heavier the array and the poorer maneu 
verability of the spacecratt. Moreover, beginning at 
around 10 kilowatts of power, nuclear power becomes 
cheaper than solar power. And in light of the fact that 
every ‘solar’ kilowatt in space costs around $1 million 
the advantage of nuclear power, you must agree, 1s 
substantial 


I can understand Academician Ponomarev-Stepnoy’s 
concern, his anxiety over what will happen to the Insti- 
tute of Atomic Energy in a market economy. A great deal 
of the institute's research 1s basic research. There will 
hardly be a demand tor work of that sort in our market 
in the next ‘ew years. That’s a pity, and here is why 


The citation index—the number of references to the 
work of an author or of an entire collective—is usually 
used to assess scientific results. For example, according 
to that indicator, the Atomic Energy Institute 1s in fifth 
place among Soviet scientific institutions—that, by the 
way, IS an assessment by the Americans. And in space 
nuclear power engineering, the institute 1s the acknowl 
edged leader. Experiments involving the creation of a 
space-based nuclear power source employing thermo- 
electric energy conversion—the Romashka—were 
started back when Academician |. V. Kurchatov was still 
alive. Further development of this research led to the 
creation of space reactor units. Soviet scientists and 
producers can be proud of the unique nuclear power 
sources employing thermionic energ, conversion of the 
thermal energy of a nuclear reactor into electrical energy 
During this five-year plan, in actual space conditions 
demonstration tests of the Topaz device showed its 
efficiency and productivity. The sector possesses a cre 
ative, scientific, technological and production founda- 
tion that can ensure wide use of Topaz devices in space 
technology. It 1s very important to note that results 
obtained by Soviet scientists are substantially above the 
world level in this area. Our competitor—the United 
States—after spending nearly $1 billion on such work 
still hasn't created a workable, efficient unit 


Space-based nuclear power engineering 1s, in general 
one of the most science-intensive sectors, and in it are 
concentrated highly qualified scientific, technological 
and production forces. Judge for yourself: The highest 
temperatures in the thermal cycle of ground-based 
nuclear power plants 1s approximately 300°. The coldest 
part of a space-based nuclear reactor 1s heated to 500 
and energy 1s produced at a temperature of | 700°. When 
the reactor 1s operating, the whole thing shines, it glows 
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And it works in automatic mode, without human inter- 
vention, Imagine the unique technology and the unusual 
materials employed in it. Can this masterpiece of cre- 
ative thought really be a dead-end branch of scientific 
and technical evolution? Have the years of work by the 
most talented of researchers really been for naught? | 
don't want to believe that. But it's something we need to 
think about 


1 am not going to conceal the fact that reactors were 


created for military facilities. But now is the time of 


conversion, But is it going as it should? Academician Ye 
Velikhov, director of the Atomic Energy Institute and a 
USSR peopl s deputy, spoke convincingly of the short- 
comings of conversion in a speech to the second session 
of the USSR Supreme Soviet. Take just the aviation 
industry. In the West, there is a demand for Soviet 
airplanes and helicopters, the cost of which in convert- 
ible currency is considerably higher than our labor 
outlays. But our planning organs are cutting back the 
production of aviation equipment, using the freed-up 
production capacities to manufacture, of all things, dish- 
ware. Such dishware, first of all, is both expensive to 
make and not very up-to-date—producers of airplanes 
and helicopters do not have the technology for manufac- 
turing inexpensive, high-quality dishes. Second, we are 
depriving ourselves of our national legacy—our intellec- 
tual and technological experience, which was accumu- 
lated bit by bit in the leading areas of science and 
engineering. 


USSR President M. Gorbachev also said something to 
that effect. Answering questions from deputies during 
the third session of the USSR Supreme Soviet, he 
admitted: ““‘We need to thoroughly analyze the 
approaches to conversion right nov. We did such stupid 
things in the initial stage, when we began using good 
productive capital and the manpower of our military- 
industrial complex and the defense sector for nonsen- 
sical ends. That could represent a great loss.” 


Something of a similar sort is also happening in space 
nuclear power engineering 


“The highly equipped, modern production operation 
intended for the series manufacture of nuclear-power 


units 1s now being converted for the manufacture of 


automatic systems for producing, of all things, milk 
cartons,” 
course, need the milk cartons; there are many things we 
need for normal everyday life. But D. I. Mendeleyev said 
back in his time that burning oil was just the same as 
torching bank notes. The great Russian scientist never 
forgot the laws of economics. It would be totally irra- 
tional if our accomplishments in space nuclear power 
units were to be lost. It would be more like an attempt to 
stoke a furnace with antique furniture that was bought 
not with bank notes, but with gold. Can we really allow 
ourselves to act so unreasonably?” 


“Aha, now the writer has let his secret out,” the quick- 
witted reader exclaims. “Financing 1s being cut back, 


said N. Ponomarev-Stepnoy. “We do, of 





SPACE POLICY, ADMINISTRATION 97 


and the institute is on the brink of turning into a 
vegetable, and they're trying to persuade us that nuclear 
power sources are needed in space. If they fail to con 
vince us, they'll be out of a job.”’ Not quite, A talented 
scientist or engineer will never be without work, | assure 
you, He can join a cooperative, and at the worst, he could 
go to work making polyethylene bags and earn three 
times more than before. But none of us will profit from 
that. The leading countries are creating global commu 
nication systems, At the moment they are still asking us 
to cooperate with them. If we begin to shut down 
science-intensive areas, and thoughtiessly waste the 
potential we've built up over the years, our stock will 
drop quickly. And then they won't ask us anymore 
That's something we need to think about 


A certain newspaper reproached N. Ponomareva 
Stepnoy for supposedly selling our reactor to the Amer- 
icans. First of all, he didn’t sell 1. Second, if he had sold 
it, what would have been so bad about that? It’s far more 
profitable to sell a science-intensive product than to 
auction off raw materials at bargain basement prices. If 
the space program can’t grow without nuclear power 
engineering, if high orbits guarantee safety, then we have 
to trade. We have both specific proposals and potential 
clients. However, the Atomic Energy Institute employs 
physicists, after all, and not businessmen. They need 
help, and not administrative directives such as “Convert 
at Any Price.” 


If we really wanted, we could turn the Tokamak into a 
pressure cooker. But do we need to’? 


Glavkosmos Chief Dunayev Interviewed on 
Moscow Aerospace Exhibition 


LD2509221990 Moscow Domestic Service in Russian 
1800 GMT 25 Sep 90 


[Text] At the first international aerospace exhibition 
held in Moscow, a meeting between the leaders of Soviet 
space firms and journalists took place today. Our special 
correspondent Leonid Lazarevich interviewed 
Aleksandr Ivanovich Dunayev, head of Glavkosmos 
{Main Space Administration] 


{Begin recording] [Lazarevich] Aleksandr Ivanovich, the 
exhibition has coincided with the completion of the first 
stage of the Soviet-German project Kazimir 


{Dunayev] The essence of the project was that on the 
“Foton” object created by the Central Council of Design 
Bureaus, we took the commercial cargo of the Kaiser 
Threde firm into orbit and provided for the fulfilment of 
the entire program. The experiment was carried out 
successfully. It was not the first experiment with this 
firm. Next year we plan about three experiments 


{[Lazarevich] The firm’s representative reported that 
very valuable catalysts were obtained, which presumably 
will be used in the onl industry. Glavkosmos already has 
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orders trom abroad worth over 50 million foreign cus 
rency rubles. This exhibition showed the interest of 
foreign specialists in our space technology 


{Dunayev]} Special interest was shown by French special- 
ists who are now seeking cooperation with us. The 
French specialists were very interested in our powerful 
engines. They admired our complex at Baykonur—the 
elegance and the simplicity of these designs compared to 
the designs they have at Ariane complex. They are very 
interested in our space achievements, but our task is not 
to conclude immediate contracts. We are working today 
in this direction and the exhibition is not over yet. | 
think in a day or two we will know for sure what we will 
get from it 


{Lazarevich] The allocations for space research are being 
cul now; in any case there is a lot of talk about it. Can 
foreign orders fill in the capacities that are being freed? 


{Dunayev] It all depends on the efficiency of the actions 
of our Glavkosmos as well as on the efficiency of the 
enterprises themselves. This is the main goal we are 
working toward now. [end recording] 


FRG Firm, NPO Energiya Sign Memorandum on 
Cooperation 

LD2609225190 Moscow Television Service in Russian 
1700 GMT 26 Sep 90 


[From the “Vremya”’ newscast] 


[Summary] Oleg Kolin reports on a promising joint 
enterprise. The well-known West German communica- 
tions firm ANT Bosch Telecom is interested in devel- 
oping relations with the Energiya Scientific Production 
Association in Kaliningrad, founded by Academician 
Korolev, where Molniya-|, the first communications 
satellite, was made. The Soviet enterprise proposes to 
use the Energiya rocket to launch heavy communications 
satellites into orbit. The all-Union Association Energiya- 
Marafon was recently set up in order to carry out the 
project. A memorandum on cooperation between the 
Association and ANT Bosch Telecom was signed yes- 
terday 


Commentary on Agreement for FRG Cosmonaut 
To Visit Mir Station in 1992 

907Q0086 Moscow IZVESTIYA in Russian First 
Edition 19 Apr 90 p 6 


[Article by S. Leskov: “A New Joint Flight’; first para- 
graph is source introduction] 


[Text] An agreement was signed on Wednesday in 
Moscow regarding the flight in 1992 of an FRG cosmo- 
naut on the Soviet Mir orbital station. 


Our space sector 1s committing itself ever more deeply to 
a commercial footing, and the issues of the economic 
efficiency of space research are becoming ever more 
important. Of importance in that regard are joint flights 
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the price of which, tor eight days of work in orbit, varies 
at $10-12 million. Contracts have already been signed 
regarding work aboard the Mir orbital complex by 
researchers trom Great Britain, Austria, and France and 
a journalist from Japan; other agreements have been 
signed on the use of space information, In the opinion of 
the head of USSR Glavkosmos, A. Dunayev, the pay 

ments, which have begun to come in on these contracts 
will help overcome the sector's strained financial situa 
tion, After all, for the 1990 manned mission program 
alone, just under 300 million rubles are needed, and only 
around 220 million rubles have been allocated from th 

State budget. The space program 1s supposed to “earn 

the 70-80 million-ruble shortfall itself, and here hopes 
are pinned on, among other things, foreign contracts 


What 1s unique about the flight of a cosmonaut from the 
FRG’? Obviously the problem of the selection of candi 
dates 1s made simpler. FRG already has its own small 
but professional cosmonauts corps, and three individ 
uals have already participated in two flights 
American space shuttles. Plans are being made now for 
another FRG cosmonaut to fly as part of an American 
crew. It is being proposed that four FRG cosmonauts bi 
trained in the American program, and two in the Soviet 
program. Thus, the whole problem centers on just how 
best to divide up the West German cosmonaut corps 


on the 


‘| believe that, physically and mentally, our cosmonauts 
are as ready for a flight on a Soviet craft as they are for 
a flight on an American craft,” Professor V.-S. Kroll said 
in response to a question from an IZVESTIYA corre 
spondent. “Thus, the specific flight program will decide 
a lot of things. It will be necessary to take into consider 
ation here the fact that there are two women 1n our corps 
and that the range of specialties 1s quite broad 
physicists, a meteorologist, and a doctor. But each co: 
monaut has worked at the largest European universities 
and has mastered practically all the space-related snecia 
ties. What will also have a definite effect on the selects 
obviously, will be the candidate’s ability to learn Ru 
sian. We are hoping that our consultant, Sigmund Jaehn 
general of the People’s Army of the GDR and the first 
German cosmonaut, will help us consider the special 
features of the Soviet space program.” 


The agreement was signed by Professor V.-S. Kroll 
chairman of the board of the German Aviation and 
Space Research Society, V. Ignatov, chairman of the 
Litsensintorg All-Union Foreign Trade Association, and 
Yu. Semenov, general designer of the Energiya scientific 
production association. In orbit, a great deal of attention 
is expected to be paid to materials science, biotechnology 
ind medical experiments, which will be a logical exten 
sion of the work performed by the FRG specialists on th 
American spacecraft. The FRG cosmonaut will be abl 
to bring around 10 kilograms of materials obtained in 
weightlessness back to Earth in the reentry vehicl 
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Commentary on PRC Satellite Launch 


90700081 Moscow IZVESTIYA in Russian 15 Apr 90 
First Edition p 5 


[Article by IZVESTIYA correspondent Yu. Savenkov, 
Beijing, under the rubric “IZVESTIYA Correspondents 
Comment: China”: “A Satellite for 2.5 Billion People” 
first paragraph is source introduction] 


{Text} A Chinese Long March-3 rocket placed into a 
geostationary orbit the Asiasat-1 commercial communica- 
tions satellite, which was made in the USA and belongs to 
a private consortium of the same name, in which English, 
Chinese and Hong Kong capitals are participating 


The launch took place last Saturday from the Chincie 
space launch facility in Xichang in the southern part of 
Sichuan Province. Dry, clear weather 1s traditional for 
this time of year, and it did not let them down for the 
launch. Although a momentary whim of the weather 
which delayed the launch for an hour and a half did, of 
course, cause some concern among all those who had 
gathered here. In addition to the space center workers 
and officials, witnessing the event were hundreds of local 
peasants who had climbed to the tops of the hills that 
fringe the launch pad. 


The Chinese press is rating the event in superlative 
terms. That is understandable. First of all, a Chinese 
rocket had placed an American satellite into orbit for the 
first time. Recall how the events unfolded dramatically 
In late 1988, after a lot of maneuvering, the American 


government approved an export license for the launch of 


American satellite by Long March rockets. In the pro- 
3, the “control over the export of technology to 
ycialist countries” syndrome had to be overcome. Then 
the dramatic events in June of last year in Beijing drew 
economic sanctions from the West, plus a new wave of 
protests by U.S. congressmen against the space deals 
And it was only this year that President Bush, based on 
“U.S. national interests,” gave the green light to the 
operation which culminated in the launch in Xichang 


Second, this satellite is a commercial one, which means 
the Chinese Great Wall Corporation has finally managed 
to negotiate the thorny path to the international space 
services market. Until now, it had managed only episod- 
ically to offer space for foreign companies’ scientific 
equipment on recoverable space vehicles. The placement 
into orbit of a foreign satellite is a “breakthrough.” 


Third, this launch opens up a new stage in the develop- 
ment of telecommunications and other communications 
in Asia. As soon as the 6-week cycle of testing of all the 
systems ends, the transmission and reception of signals 
will begin from the enormous area of central and 
southern Asia, where 2.5 billion people live 


What is the satellite’s purpose? Some 80 percent of its 
capacities will be used for television programs. In addi- 
tion, there will be high-speed data transmission, fac- 
simile service and international telephone services. Each 
of the satellite’s 24 channels, for example, is ready to 
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accept 1,000 te ephone signals simultaneously, There is 
also a built-in capability for switching to the interna- 
tional satellite system for finding ships and aircraft in 
distress. 


Several minutes after the launch, Asiasat’s official rep- 
resentative, as the Hong Kong press reported, declared 
that his company is prepared to offer to China this fall, 
free of charge, six channels for the broadcasting of the 
Asiatic Games 


Specialists in Asiatic problems are certain that, in the 
future, the Asiasat-1| will exert influence on various 
aspects of life in Asiatic countries—social, business and 
economic. Some clients are already known—for 
example. the Pakistan government is leasing a channel 
for educational television programs for remote regions. 
Among the chents is Thailand, although it is planning to 
launch its own comr unications satellite—but that is still 
ears awa 


The company has already received 30 applications from 
governments and private firms, which already exceeds 
the satellite's capabilities. Therefore, plans are being 
made for the launch of the Asiasat-2 in 1993. It will 
cover the same regions and will operate “in a single 
harness” with its brother. The experts say that such 
cooperation increases the efficiency not by a factor of 2, 
but by a factor of 16! 


Li Peng, the Premier of the State Council, called the 
successful launch “proof of the maturity of the Chinese 
space industry and, first and foremost, of the orbital 
insertion system.’ But remember: the gap between 
China and the developed countries in this area is still 
large, and further efforts are needed 


USSR-China Space Cooperation 
90700116 Baku BAKINSKIY RABOCHLY in Russian 
| May 90 pl 


[Article by S. Avdeyev: “Space—It’s Profitable’ 


{Text} Within the framework of an agreement between the 
academies of sciences of the USSR and China, a delega- 
tion from the Chinese Academy of Sciences’ Shanghai 
Technical Physics Institute visited USSR Glavkosmos’s 
Space Research Scientific Production Association. 


The guests became acquainted with the work of the 
association's key laboratories and viewed the exhibition 
*Space—For the National Economy,” whose displays 
included instruments for sensing the earth from space 
and hardware tor deriving and processing aerospace 
‘information for the purpose of using it in the various 
sectors uf the national economy. But the main thing ts 
that talks were held about paths for possible cooperation, 
which concluded with the signing of a protocol of inten- 
tions. It was signed by Professor Yung She, head of the 
Chincse delegation and director of the Shanghai Tech- 
nical Physics Institute’s Remote Sensing Laboratory, 
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and Professor A. Mekhtiyev, first deputy general director 
of USSR Glavkosmos Space Research Scientific Pro- 
duction Association. 


The development of a long-term program for joint work 
in the field of the study of the earth from space may be 
announced, joint experiments may be conducted at the 
scientific production association's test sites, and aero- 
space systems for ecological monitoring may be devel- 
oped. The systems would be used to solve ecological 
problems both in the USSR and in China. 


What also promises to be interesting is the Kursk-90 
joint aerospace experiment, in which, at a local test site, 
remote sensing equipment installed on an aircraft will be 
used to develop methods for determining the parameters 
of the condition of the vegetation cover and the soil. 
And, of course, a regular exchange is expected between 
the delegations 


“The cooperation of Azerbaijan and Chinese specialists 
will not only help solve purely scientific problems,” said 
Sh. Agayev, director of the Space Research Scientific 
Production Association’s Kosmik Commercial Center, 
“but also many down-to-earth concerns. Having been 
granted the right to act independently—including the 
Signing of agreements—plus the right to produce prod- 
ucts and to render services, we are not only studying the 
demand, we are also attempting to satisfy it. For 
example, a program of scientific cooperation with the 
Erzurum Ataturk University on problems of seismic 
tectonics and earthquake prediction has beer approved. 
Talks have been held with a number of foreign scientific 
research organizations and firms on the subject of coop- 
eration and the organization of joint ventures for the 
manufacture of science-intensive products, computer 
equipment, household electronic equipment and office 
equipment. In the future, cooperation is possible for the 
establishment of an international computer communica- 
tions center (invoiving satellite communications facili- 
ties) and the organization of a commercial information 
network based on it. 


It would be hard right now to find a sector of the national 
economy that would would not be able to use informa- 
tion derived from space. Aerospace information is cur- 
rently making it possible to solve more than 300 scien- 
tific, industrial and environmental problems. The return 
provided by space-based research on natural resources 1s 
estimated to be 10-15 rubles for each ruble spent 


According to the specialists’ predictions, by the year 
2000, space-based research will bring our state annual 
profits of 50-100 billion rubles. The first steps on the 
path of commercial activity are being taken by the Space 
Research Scientific Production Association. 
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Commentary on U.S. Development of 
Anti-Satellite Weapons 


LDO111183190 Moscow TASS in English 1743 GM7 
] Nov YO 


[By TASS military analyst Viadimir Chernyshev] 


[Text] Moscow November | TASS—Development of 
anti-satellite weapons is continuing in the United States. 
According to the SPACE NEWS weekly, the U.S. Army 
has placed orders with the Rockwell International Cor- 
poration for new-type interceptor missiles to destroy 
“enemy” satellites. There is a program to develop a 
system of anti-satellites weapons by 1995. They will 
include ground-based laser components. 


Frankly speaking, it is difficult to grasp the Pentagon's 
logic. On the one hand, it agrees that there is no more 
cold war or any danger of a surprise attack, and, on ‘he 
other, steps up the efforts to develop anti-satellite 
weapons. From the strategic point of view, such weapons 
are intended to preclude the other side’s retaliation 
Moreover, they create a danger to early warning and 
emergency communications satellites. Deployment of 
anti-satellite systems would undermine strategic stability 
at a time when top US. officials do lip service to its 
consolidation. 


And one more thing. Development of anti-satellite 
weapons contradicts the strategy of “nuclear contain- 
ment.’ [n American interpretation its purpose 1s to make 
all sides refrain from attacking out of fear of prompt 
retaliation. And can there be any sense in reciprocal 
“containment” if one side strives to possess weapons 
capable of lessening the other side’s chances to strike 
back? 


One more thing is absolutely clear. The other side will be 
compelled to take similar steps to avert the danger of the 
other side’s anti-satellite syst.ms. Therefore, any steps to 
develop anti-satellite weapons are fraught with the 
danger of the arms race spreading into outer space. It is 
surprising that some people fail to realise the absurdity 
of all this in light of the current military-strategic situa- 
tion. 


The Soviet Union has long since offered the United 
States to conclude an agreement on the complete ban 
ning of spatial strike weapons, including anti-satellite 
systems. It also moved to scrap the already existing 
armaments of this type. But the U.S. Administration 
refuses to heed these proposals. 


According to U.S. Deputy Assistant Defence Secretary 
Douglas Graham, the Reagan Administration had 
arrived at the conclusion that it 1s impossible to control 
anti-satellite weapons and that there are no control 
measures “meeting the interests of U.S. national secu- 
rity.” 


The Bush Administration got down to a “comprehensive 
investigation” of the problem, and although it is still 
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under way, the conclusion has already been made that 
control problems are “unsurmountable.”’ 


Che Soviet Union ts of a different opinion. All difficul- 
Lies linked with the banning of anti-satellite weapons can 
he overcome given the desire of both sides. This is even 
more feasible now that mutual trust has grown substan- 
tially between the USSR and the United States, between 
the East and the West. 


U.S. Reluctance on Space Cooperation Criticized 


PM0611152290 Moscow KRASNAYA ZVEZDA 
in Russian 2 Nov 90 First Edition p 3 


[By A. Yakimenko “Rejoinder”: “What Lies Behind 
Good ‘Intentions’”’} 


{Text} NASA Director R. Truly was in Moscow recently 
at the invitation of the USSR Ministry of General 
Machine Building and the “Intercosmos”’ Council of the 
USSR Academy of Sciences. 


Even before the meeting began it was possible to assume 
that the leaders of the space departments of the world’s 
two greatest countries had something to say and show to 
each other and something on which to reach agreement 
in the sphere of concrete mutually advantageous busi- 
nesslike cooperation, For not even the most fault-finding 
and qualified foreign specialist would be ashamed to 
take into account and utilize very many of our achieve- 
ments. We have to our credit technical and medical- 
biological support for long manned flights, powerful and 
reliable booster rockets, and a developed infrastructure 


of scientific and production projects—a guarantee of 


further progress in cosmonautics. 


However, in the process of the meetings which took place 
in the headquarters of our cosmonautics, in plants and 
institutes where it was possible to see the most modern 
space technology projects, and at the Cosmonaut 
Training Center it was only the possible areas of coop- 
eration, as your correspondent learned, that were dis- 
cussed, and the meeting resulted in a protocol of inten- 
tions. But there are sometimes “huge distances”’ to cover 
from intentions, however good they may be, and gener- 
alities to practical deeds. Neither diplomatic bowing and 
scraping, nor expressions of gratitude for invitations, nor 
nostalgic memories of joint work while realizing the 
‘Soyuz-Apollo” project have yet ensured the expansion 
of the barely glimmering contacts that were started up 
after the signing of the 1987 Soviet-U.S. agreement on 
cooperation in the sphere of space. Incidentally, a similar 
opinion is also voiced in the U.S. press, in particular in 
AVIATION WEEK AND SPACE TECHNOLOGY 
magazine 


Meanwhile, both U.S. and Soviet firms and scientific 
organizations are very interested in the mutual utiliza- 
tion of the achievements of space technology and in the 
further development of contacts in this promising 
sphere 
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What is the problem? It is obviously that it is impossible 
today to take a single step in practical space cooperation 
without the sanction of the highest leadership in Wash- 
ington. 


It seems that in specific matters these leaders fail to keep 
pace with their own very promising statements about 
new political thinking and the restructuring of the two 
countries’ relations along democratic lines. Obviously, 
there is also the calculation that it is still possible to 
stand firm within the framework of the regulations of the 
notorious Coordinating Committee for Multilateral 
Export Controls, which, as is known, prohibit the 
transfer of advanced Western technologies and even the 
Soviet side’s familiarization with them and which the 
world public today regards not only as a means of 
infringing on USSR’s interests but also as a means 
harming the United States’ own economy. 


Or maybe NASA is simply sounding out future partners, 
or maybe an in-depth familiarization with each other's 
possibilities is still taking place, as is always done before 
concluding any serious deal? 


I would like to believe this. 


Space Surveillance System Described 


9/UMO0040A Moscow KRASNAYA ZVEZDA in Russian 
10 Oct 90 First Edition p 2 


[Article by Lieutenant Colonel A. Dokuchayev, KRAS- 
NAYA ZVEZDA correspondent: “A Bridle for the 
Nuclear ‘Racers,’ or What the Space Monitoring System 
Represents’’| 


|Text] We are completing an article on strategic deter- 
rence systems that are at the disposal of the USSR Armed 
Forces. (See KRASNAYA ZVEZDA of 27 September 
and 5 October.) Today’s material 1s about the outer space 
monitoring system (SKKP). 


Colonel V. Nikolskiy pointed to an enormous bay with 
displays and multicolored screens—the command post 
of the space monitoring system. He says look and study. 


“From here we see practically the entire moving 
cosmos,” he explained 


I familiarize myself with what yesterday was an inacces- 
sible and top secret facility. Dozens of questions crop up. 
First: Why do we need this very modern and expensive 
all-seeing eye? 


Colouel G. Kovsh, chief of the department who was 
keeping up the conversation, answers one question after 
another: “Do you know how many objects there are in 
outer space? More than 7,000 have been counted, active 
and inactive satellites.... We are talking about those that 
are placed in orbit. All told there are more than 20,000 
flying objects—outer space is cluttered. Out there a very 
ordinary needle is capable of piercing a spacecraft and 
causing trouble. But the problem ts not in the number— 
not all space apparatuses are harmless 
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He showed a short chronicle of recent reports from 
abroad. 


“16 July. Pakistan launched its first Earth satellite 
vehicle, weighing 50 kilograms, from Chinese territory. 
According to the announcement of the prime minister, 
this 1s ‘an important event on the road to the technolog- 
ical modernization of Pakistan.’ 


| August. A missile whose electronic components were 
undergoing testing in the air for the ‘Star Wars’ program 
went off course and was destroyed on a command from 
Earth. The destruction command came from the White 
Sands test range (state of New Mexico). 


‘4 August. A Delta-2 rocket was launched from the space 
center on Cape Canaveral. Its main objective—to put a 
Navstar system satellite into orbit—pursuant to a Pen- 
tagon program....” 


“Different, very different satellites are being put into 
orbit, and they simply are real dragons. Once outer space 
becomes more dangerous, then we musi know every- 
thing,” says Viktor Nikolskiy, “or almost everything 
about each apparatus and object. These tasks surfaced as 
early as the beginning of the 1960's, and they were 
prompted by the placement of satellites into orbit that 
had a military purpose.” 


Like every new program, the system for monitoring 
Outer space was born as they say with birth pangs. The 
original provision of space object tracking was accom- 
plished through information obtained by optical systems 
of the USSR Academy of Sciences and the Air Defense 
Troops, with the use of plotting boards and individual 
programs.... But with the passage of time this became 
inadequate. Powerful radars of the missile attack 
warning and the antimissile defense systems were linked 
up in the tracking of objects. The streams of information 
were transformed into a real river that was full-flowing 
and rapid. The question arose as to the speedy and 
effective processing of information. And so in 1970 a 
space tracking center began to be created. N. Buslenko, 
G. Ryabov, and their colleagues performed a great 
service in this. 


A kind of personal file is kept on each high-flying 
‘traveler’—it contains the satellite’s coordinates, its 
capabilities, and its ‘behavior’. A catalog is constructed 
from this kind of personal data. When the task arises to 
take a closer look at one or another space wanderer—for 
exampie, the U.S. reconnaissance satellite Ferret-D—the 
catalog helps find its location area quickly, and only then 
do the tracking complexes “tell” where it is located and 
give its characteristics. With what kind of accuracy? 
They explained it to me. Imagine that two soccer balls 
are flying at a distance of 10 centimeters from each 
other. We will say that there are two balls in orbit, and 
not one. But this is a figurative comparison. There are 
also examples of specific work that attest to the profes- 
sionalism of the collective. 
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September 1983. A South Korean Boeing-747 aircraft 
violated the state border of the USSR, intruded into our 
country, and was shot down by a Soviet fighter. People 
died, a tragedy occurred. The world had to be told who 
was responsible. The Soviet side presented evidence that 
the intrusion into our airspace was intentional. Perhaps 
the most convincing evidence was that presented by the 
space tracking center. The flight of the Boeing-747 was 
very carefully synchronized with the flight of a Ferret-D 
reconnaissance satellite. The space spy appeared over 
Chukotsk at 1845 on | September, and for a period of 
approximately 12 minutes it flew to the east of Kam- 
chatka and the Kuril Islands, monitoring Soviet elec- 
tronic systems which were working in the normal mode 
In the next orbit, the Ferret-D appeared over Kamchatka 
at exactly the moment of the intrusion of the 
encroaching aircraft, fixing the activity of our commu- 
nications and electronic systems which were changing 
the intensity of their work. In the end, it was establi: hed 
that the third orbit coincided with absolute accuracy 
with the following third stage of the Boeing-747 over 
Sakhalin. The data presented to the public showed: Such 
an exact coincidence of the flight of the reconnaissance 
aircraft and the spy satellite cannot be explained away as 
accidental. 


Mistakes must not be made in such cases. A tremendous 
responsibility is placed on equipment, and most of all on 
people. Who are they, the “controllers” of outer space? 


The operations duty officer 1s Colonel V. Minayev. He is 
49 years of age, has completed a military school and a 
military academy, and 1s married and has children. He 1s 
from the Kharkov area. Lieutenant Colonel Ya. 1 svm- 
balistyy, a member of the team, also comes from the 
Ukraine. “I also have a connection with the Ukraine,” 
says Major N. Davydov. “I graduated from a military 
school there.” 


A lot can be told about each of them. Take Yaroslav 
Tsymbalistyy. He has been here since the beginning. He 
assembled the electronic apparatus of the automated 
control system—specialists from the manuiacturing 
plant were amazed: Where did such knowledge come 
from, and such skill?—he studied it, and now he ts 
operating it. He can say with complete justification: “riy 
center.” 


“Competence is the main thing that characterizes the 
officers of the center. Other specialists ‘do not survive 
here,’ said Colonel V. Nikolskiy. He talked with pride 
about the fact that this year alone 20 medalists came here 
from military schools. “Very high knowledge and solid 
skills are the main requirement for holding conversa 
tions with outer space. An aspiring person next to 
wonderful! equipment cannot help bui grow 


Incidentally, this is understood very well in the higher 
educational institutions and in the scientific research 
institutes, and they eagerly invite officers who have 
worked well in the tracking center. They have more than 
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one research work to their credit. Officers Yu. Gorob- 
chuk, V. Zyubin, and M. Chernov recently defended 
their candidate dissertations. 


Is it difficult to be an officer in the SKKP”®” I could not 
retrain from asking Minayev this banal question. 


“Speaking for myself, it is difficult,” he answered. 
‘Today, the situation here is more or less quiet, but it is 
not always this way. For example, one of our tasks is to 
track space objects in the descent sector—we get precise 
information on the point of impact, and we issue infor- 
mation about this. And what are the satellites like now? 
[here are those with nuclear equipment. When can they 
be expected? Where will the fragments fall...?” 


Viadimir Minayev and his colleagues had occasion to 
worry some in the spring. It all started on the 8 March 
holiday. Four new fragments appeared in space. The 
analysis and data processing group reported: These are 
parts of a satellite that was put into orbit by the Amer- 
ican spacecraft “Atlantis.” It would seem it was nothing 
to worry about, but the object was not a simple one, and 
it was launched 1n the interests of the Pentagon—for 
visual and electronic intelligence, and its weight was |7 
tons. Apparently the Americans blew it up because of 
defects. A precise answer had to be given: Where will the 
parts fail? Will they burn up completely in the atmo- 
sphere. The specialists did not err in their calculations. 
Che first fragment burned up in the thick layers of the 
atmosphere on 19 March 1,500 kilometers to the north 
of Midway Island in the Pacific Ocean. They explained 
that the rest of the fragments do not represent a danger. 
Of course, their attention did not slacken until all of the 
fragments “died.” 


“There 1s also work with the manned spacecraft,” 
explains Colonel Kovsh. “But we get involved only in an 
emergency situation. If an orbital station or a spacecraft 
is being guided, and close communication 1s being main- 
tained with them, then here as the saying goes our job ts 
on the sideline. But if a malfunction should occur, and 
the Mission Control Center ‘loses’ its envoys, then it 
cannot do without us....” 


Grigoriy Kovsh showed TASS information appended to 
a file “Several corrections in trajectory movement were 
made during the two-day automatic flight of the Soyuz 
T-13, as a result of which the spacecraft approached the 
Salyut-7 station at the prescribed distance. Further 
closing was executed by the crew manually with the use 
of a range determination apparatus and the onboard 
computer system.” It was not reported then that 
Viadimir Dzhanibekov and Viktor Savinykh executed 
the docking with the silent station that was “lost” by 
Mission Control Center, and that they found it only with 
the data that was issued from here, from the space 
tracking center 


Of course the collective does not live only with celestial 
distances. Here as in any garrison weddings are cele- 


brated, apartments which are not in surplus are awaited 
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impatiently, there 1s gossip about the shortage of com- 
modities, there are holidays, and it is a blessing that the 
military facility is situated in a refreshing coniferous 
forest. But nevertheless, the main thing that determines 
everyone’s mood is outer space, and more precisely 
monitoring it. When I tried to distract officers from 
discussions about work and to talk about everyday living 
matters, it did rot always work out and they only steered 
away from the subject. They spoke with bitterness about 
the fact that frequently specialists from the space depart- 
ment took credit for the tracking center’s work, and that 
they were being taken advantage of because of their 
secrecy. You see, no one else can spot falling fragments 
and pinpoint the coordinates of silent satellites... 


Here in the tracking center they understand that the 
process of disarmament that has been started will not 
affect them—the outer space monitoring system will be 
needed even when there are no armies. The main con- 
cern 1s not to fall behind in the rapid exploration of outer 
space in order to secure their fellow citizens from various 
accidents. Indeed, the military danger from outer space 
has not been removed. On the days that | was in the 
tracking center, the Pentagon carried out a regular exper- 
iment in launching a powerful energy device within the 
framework of the “Star Wars” program. It appears that 
these warriors are assured this complex work for a long 
time. We will not shy away from giving credit to them for 
their unobtrusive work—so important and necessary in 
behalf of our security and peace—which for many years 
has been guarded by a curtain of secrecy 


Obituary of Col Gen A.A. Maksimov, Head of 
Ministry of Defense Space Section 
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(Obituary of A.A. Maksimov] 


[Text] Colonel General (Retired) Aleksandr Aleksan- 
drovich Maksimov, participant in the Great Patriotic 
War, Hero of Socialist Labor, Lenin Prize and State 
Prize laureate, candidate of technical sciences, has died 
suddenly at the age of 68 


A.A. Maksimov was born on 29 August 1923 in Moscow 
In 1941, he voluntarily joined the ranks of the Soviet 
Armed Forces, where he traversed a path from student at 
an artillery school to colonel general 


When participating in the Great Patriotic War, A.A. 
Maksimov displayed boldness and courage, for which he 
was awarded combat honors. In May 1943, he became a 
member of the CPSU, and he remained loyal to its ideas 
to the end of his days 


During the postwar years, A.A. Maksimov graduated 
from the Military Academy imeni F.E. Dzerzhinskiy and 
all his subsequent service activity was devoted to the 
development, production, assimilation, and operation of 
space rocket technology. He was for many years head of 
the space section in the USSR Ministry of Defense. He 
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played an active part in the preparations for and execu- 
tion of the missions of the first artificial Earth satellite, 
the first cosmonaut, the universal ‘“Energiya-Buran” 
space rocket transport system, and many other manned 
space vehicles, satellites, and interplanetary stations. 


In all the posts to which he was assigned, A.A. Maksimoy 
applied all his strength, knowledge, experience, and 
organizational ability to enhancing the country’s defense 
capability and consolidating the position of Soviet cos- 
monautics. He was distinguished by a high level of 
competence and sense of responsibility for his assign- 
ments, an exceptional love of work, a sense of principle 
in resolving the tasks set for him, and also fine human 
qualities; a generous soul, loyalty in friendship, and 
attention and concern for his subordinates. 


A.A. Maksimov played an active part in sociopolitical 
life and was elected as a delegate to the 27th CPSU 
Congress and the 19th All-Union Party Conference. A.A 
Maksimov’s services were highly valued. He was 


JPRS-USP-90-005 
26 November 1990 


awarded the title Hero of Socialist Labor and was 
decorated with two Orders of Lenin and many other 
state honors, and also with orders and medals from 
foreign states. 


The bright memory of Aleksandr Aleksandrovich Mak- 
simov, loyal son of the Soviet people and true and ardent 
patriot of the socialist homeland, will live forever in our 
hearts. 


[Signed] M.S. Gorbachev, A.N. Lukyanov, N.1 
Ryzhkov, Yu.D. Maslyukov, D.T. Yazov, O.D Bakl- 
anov, L.N. Zaykov, I.S. Belousov, M.A. Moiseyev, P.G 
Lushev, K.A. Kochetov, N.' Shlyaga, Yu.P. Maksimov, 

I. Varennikov, I.M. Tretyak, Ye.l. Shaposhnikov, 
V.N. Chernavin, V.M. Shuralev, V.M. Arkhipov, V.M 
Shabanov, N.V. Chekov, V.L. Govorov, V.F. Yermakov, 
Yu.A. Yashin, O.N. Shishkin, A.N. Soshinkov, V.! 
Ivanov, I.I. Kurinnvy, G.S. Titov, S.N. Yermak, V.M. 
Ryumkin, G.F. Lysenkov, D.D. Maslyukov 
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